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EXPLANATORY NOTE 
IDENTIFICATION AND QUANTITATION OF ORGANIC COMPOUNDS 



Eighty-four volatile organic compounds were identified and measured from 
1975 and 1977 samples taken from about 60 sites along the St. Clair River area. 

Sampling sites included industrial discharges from 11 industries in the Sarnia 
Chemical Valley industrial complex, St. Clair River water and sediment, sewage 
treatment plant discharges, potable water supplies and fish. 

Organic compounds are composed of carbon and hydrogen, and could include 
nitrogen, oxygen, sulphur and halogens like chlorine. Volatile organic compounds 
are organics with a low boiling point. These compounds include solvents and other 
compounds commonly used or produced in the petro/chemical industries like those 
found in the Sarnia Chemical Valley area. 

The compounds were determined by the use of sophisticated gas 
chromatographic/mass spectrometric techniques. The most common compounds 
found include chloroform, methylene chloride, dichloroethane and benzene. 

The gas chromatograph/mass spectrometer is actually two analytical tools 
brought together to function as one. A gas chromatograph is used to separate 
individual compounds based on the principle that different compounds have unique 
boiling points and travel through columns of special materials at different rates. 
The mass spectrometer is used in tandem with the gas chromatograph to identify 
organic compounds. In effect, it takes a spectroscopic fingerprint of a substance 
and compares it to similar fingerprints on file for positive identification. 

While about 65 compounds were found in the direct discharges of industrial 
effluent from the 11 Industries samples, only 15 compounds were found in the 
general flow of St. Clair River water. In the St. Clair River, most of the low levels 
of organic compounds in industrial effluent were diluted below the sensitive 
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detection levels of Ministry equipment . Seventeen organic compounds were found 
in treated drinking water, including downstream samples from Tilbury, 
Amherstburg and ft'indsor. Twelve compounds were observed in fish. 

Common water treatment practices add some compounds like chlorine to the 
water and alter already existing compounds not removed by the treatment process. 

One of the major conclusions of the study was that in spite of the large 
volumes of effluents and numbers of organic compounds entering the river daily, 
the quality of river water was remarkably good. 



ORGANIC COMPOUNDS FOUND IN DRINKING WATERS 



Lambton Area Water Supply 
System (above industrial area) 



Methylene Chloride 

Chloroform 

Dichlorobromomethane 

1 ,2-dichloroethane 

Benzene 

Toluene 

Xylenes 

Dibromochloromethane 

Bromoform 

Trichloroethylene 

1,1,1-Trichioroethane 

Tetrach loroethy lene 

Ethylbenzene 



St. Clair River (water 
supplies downstream of 
industrial area - private 
supplies; Walpole Island WTP) 



Methylene Chloride 

Chloroform 

Carbon tetrachloride 

1,2-dichloroethane 

Tetrachloroethylene 

Dichloropropane 

Dichlorobenzenes 

Benzene 

Xylenes 

Toluene 

Diethylbenzene 

Trimethylbenzene 



3. A. 3. Brian Pumping 
Station (Windsor) 



Methylene chloride 

Chloroform 

Dichlorobromomethane 

1 ,2-dichloroethane 

Benzene 

Toluene 

Xylenes 



MOE Routine Monitor ing Data 
(Tilbury North Township, 
Windsor WTP, Amherstburg WTP) 



Chloroform 

Dichlorobromomethane 
Dibromochloromethane 
Carbon Tetrachloride 
Trichloroethylene 



Total number of organic compounds identified during total study in drinking 
water supplies =17 



Total number of organic compounds identified in the St. Clair River 
downstream of industry = 12 
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FOREWORH 



An in-depth investigation of organic chemicals in industrial effluents along the 
St. Clair River commenced in 1975. The adoption of gas chromatography/mass 
spectrometry analytical methodologies, by the Laboratory Services Branch of the 
Ministry of the Environment, made the detection of low concentrations of such 
compounds possible. In a preliminary report, "Organic Compounds of Industrial 
Origin in the St. Clair River", developed as an internal working document in 
January of 1977, positive identification was made of some k7 organic compounds 
discharged to the St. Clair River. 

The St. Clair River Organics Study Group was formed early in 1977 to further 
investigate and confirm the presence and significance of the organic compounds 
identified, particularly in relation to possible effects on public water supplies 
downstream and the potential bio-accumulation of such compKJunds by fish resident 
in or frequenting this important waterway. Also, it was decided that a compre- 
hensive assessment of water quality conditions and aquatic life was warranted to 
permit a comparison with unpublished biological data collected in 1968. 

Representation on the Study Group included staff from various branches of the 
Ministry of the Environment and the Special Studies and Services Branch of the 
Ministry of Labour. Early in its deliberations, the Study Group identified the 
following goal: 

To assess the presence and significance of organic chemical compounds 
in the St. Clair River system and to establish from this program 
recommendations for control measures and further studies that may be 
required in relation to human health and environmental effects. 

In order to accomplish the above goal, the following ten objectives were 
identified: 

1. Identification and quantitation of organic compounds in industrial dis- 
charges, St. Clair River water, potable water supplies, bottom sediments and fish. 
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2. Completion of a literature search on the characterisitics and effects of 
the organic compounds identified. Lethal, sub-lethal and synergistic effects of 
these compounds on human and aquatic life to be considered. 

3. Determination of the significance of chlorinating trace amounts of these 
organic materials in industrial cooling water discharges, sewage plant effluents and 
in potable water supplies. 

k. Determination of the types and concentrations of compounds causing fish 
toxicity and fish tainting problems. 

5. Estimation of the dissolved organics concentration at any point in the 
river based on effluent quality and flow measurements. 

6. Completion of benthic macroinvertabrate, aquatic plant, sediment and 
water quality studies on the river in terms of biological and common chemical 
indicators. Results to be compared to survey work carried out in 1968-69. 
Assessments of mercury levels in sediments to be completed. 

7. Determination of the potential carcinogenicity of organic compounds 
through quick-screening microbiological tests for mutagenesis. 

8. Establishment of whether biodegradation or alteration of organic com- 
pounds occurs through bacterial action in sediments. 

9. Development of recommendations clarifying levels to which 
contaminants must be reduced, as a basis for necessary treatment and effluent 
controls. 

10. Clarification of the need for additional research to establish potential 
dangers to human health or the natural environment where this information is 
lacking. 

Work on the component studies related to thesse objectives progressed 
throughout 1977 and 197S and into 1979. As a result of these efforts, the following 
reports will be published during 1979-1980, to form an integrated series covering 
the objectives defined previously: 



Ill 



(1) Identification and Quantitation of Organic Compounds. 

•m- Fish Toxicity and Tainting Evaluations for Selected Industrial Effluents. 

Oi^ Waste Dispersion. 

Ill Biological Surveys 1968 and 1977. 



(5) 



The Detection of Mutagenic Activity; Screening of Twenty-three 
Compounds of Industrial Origin. 

(6) Biodegradation of Organic Compounds. 

Wherever possible, each of these reports will present conclusions and advance 
recommendations to achieve an improvement of water quality in the St. Clair 
River system or to clarify additional research requirements in regard to potential 
human health or environmental effects. 

It is anticipated that subsequent reports dealing with fish toxicity and tainting 
and the potential carcinogenicity of industrial organic compounds in relation to the 
St. Clair River will be issued by the Ministry, since these particular components 
will be the subject of further study by the Limnology and Toxicity Section of the 
Water Resources Branch and the Microbiology Section of the Laboratory Services 
Branch, respectively. 
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SUMMARY AND CONCLUSIONS 



This report presents and discusses data on the organic compounds present in a 
variety of samples collected from the vicinity of the St. Clair River in 1977 and 
1978. It forms part of a major study on this river system which was initiated 
following exploratory work in 1975/76 the results of which are, to an extent, also 
reported iiere. As described in the foreword, a Study Group, formed early in 1977, 
identified the goal of the study to be: 



"To assess the presence and significance of organic chemical compounds in the 
St. Clair system and to establish from this program recommendations for control 
measures and further studies that may be required in relation to human health and 
environmental effects." 

This goal was to be achieved through ten objectives of which three are 
relevant here: 

i) Identification and quantitation of organic compounds in industrial 
discharges, St. Clair River water, potable water supplies, bottom sediments and 
fish. 

ii) Completion of a literature search on the characteristics and effects of 
the organic compounds identified. Lethal, sub-lethal and synergistic effects of 
these compounds on human and aquatic life to be considered. 

iii) Determination of the significance of chlorinating trace amounts of these 
organic materials in industrial cooling water discharges, sewage plant effluents and 
in potable water supplies. 

Clearly, the scope of these objectives is enormous: there are several million 
known organic compounds and any attempt to identify every compound in a 
complex mixture is extremely difficult and time consuming. Exact quantitation of 
organic compounds at trace levels is generally not possible unless pure reference 
compounds are available at the time of analysis. Nevertheless, even when pure 



standards are not available, significant concentration ranges can be established for 
an identified contaminant. 

It has been clear from the beginning of this study that with tlie available time 
and resources the objectives of the programme could not be fully achieved. On the 
other hand, the undertaking of this type of study was considered essential for the 
Ministry to fulfill its responsibilities to the public in the control of emitted 
contaminants, the establishment of environmental safeguards, the management of 
water and waste and the development and maintenance of measures intended to 
restore and enhance Ontario's natural environment. 

Thus, even partial attainment of the goals of the present study was expected 
to furnish valuable information such as establishing background concentrations in 
the relatively new field of organic contaminants and to identifiy potential hazards 
and trouble spots to be further investigated in the future. 

The study also served as a testing ground for the Laboratory's analytical 
capabilities and as a basis to identify needs in the future development of sampling, 
extraction and analytical techniques in organic trace analysis. 

During the course of the exploratory (1975/76) and main (1977/78) studies a 
total of eighty-four different organic compounds were identified. Owing to the 
state-of-the-art in environmental toxicology, a complete assessment of the 
significance of these findings is at present not possible. However, these data will 
be extremely valuable when the long-term effects of very low levels of organic 
contaminants are established. 

In 1975/76 samples were analyzed by a variety of techniques. All samples 
were extracted under acid, neutral and basic pH conditions and examined by GC 
using a flame ionization detector (FID). Those containing organics at significant 
levels were then analysed by Gas Chromatography/Mass Spectrometry (GC/MS), 
using a Purge and Trap technique, to identify the volatile organics present and by 
several GC only analyses to quantitate different compound classes, e.g. alcohols, 
aromatics, etc. For the extended study analyses were exclusively by GC/MS for 
the volatile organics. This approach suffers two main disadvantages: firstly, some 
important organics do not purge well because of polarity or molecular weight and, 
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secondly, samples cannot be cleaned up to remove interferences, e.g. petroleum 
hydrocarbons. There are however some important advantages that led to the 
selection of this method: 

i) different sample matrices can be handled with minor modifications to 
the method. 

ii) sensitivity, for example for 1 litre of water/effluent, is extremely good. 

Standards were obtained for a range of chlorinated and aromatic compounds 
that had been observed in the exploratory study so that these could be quantitated. 
Identification, but not quantitation, was possible for other compounds even when 
standards were not available. 

Because of the finite resources available for this study, all samples collected 
could not be analyzed. However, at least one sample was analyzed from each site 
and those with high levels or many compounds, whether in the exploratory or main 
study, were analyzed more than once. Even so, many samples were necessarily 
stored for prolonged periods. In addition variation in the amount of headspace, 
particularly in concentrated composite samples collected automatically, is con- 
sidered to have a major effect on the organic concentrations. Consequently, it is 
felt that many of the results presented in this report are underestimates of the 
original in situ concentrations. 

In general, the correlation between the different types of data is good. This is 
rather surprising since the organic analyses were for volatile organics only, while 
the PCB's are non-volatile and the method of measuring TOC generally involves 
pre-purging to remove CO2 and volatiles. Only in the case of Ethyl Corporation's 
sewer did the total of volatile organic levels approach the TOC values: it is clear 
that analysis for volatiles reveals only part of the situation. This is extremely 
relevant to the comments below. 

The St. Clair River system is chemically immensely complex and any future 
studies should take this into account. Much more attention should be paid to 
extractable compounds, particularly from sources that accumulate organics, 
namely, sediments and fish. 
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From the viewpoint of public health, drinking water samples are of greatest 
importance, with fish also being of interest. Some seventeen organic compounds 
were observed in drinking waters, including those downstream of the St. Clair 
River (i.e. Tilbury, Windsor, Amherstburg), and toxicoiogical data, where available, 
is presented in Appendix 2. It is clear that toxicity studies are generally concerned 
with short-term effects and involve high concentrations or doses (ppm or mg/kg). 
This arises from the necessity of producing observable effects in small numbers of 
test animals. The drinking water concentrations noted in this report are invariably 
orders of magnitude lower and provide no discernible cause for concern. For some 
compounds the body possesses a detoxification mechanism that successfully handles 
low concentrations but which may be overwhelmed by high concentrations. Also 
detoxification itself may produce toxic metabolites. For these reasons extra- 
polations from the high concentrations used in toxicity studies to the low 
concentrations actually observed here, while at present unavoidable, is less than 
ideal. Further study of this important area is required. 

Of the seventeen compounds detected in water supplies during this study, 
chloroform, bromodichloromethane and chlorodibromomethane are routinely ob- 
served in chlorinated drinking waters at low concentrations throughout Ontario (see 
"Organics in Ontario Drinking Waters, Part II, A Survey of Selected Water 
Treatment Plants", Ontario Ministry of the Environment, April 1977) and appear to 
originate from disinfection with chlorine as noted in Appendix 3. Bromoform is, 
presumably, also present but at a lower concentration. In addition, methylene 
chloride, carbon tetrachloride, trichloroethylene, benzene, toluene and xylene are 
observed frequently throughout the Province, but less consistently. 

Based on the findings and recognized limitations of this study, the following 
conclusions are advanced: 

1) In spite of the large volumes of effluents and numbers of organic 
compounds entering the river daily, the water quality is remarkably good. Evi- 
dence for this conclusion is to be found in the "Water Quality Sample" results 
presented in Tables 'tl to 57 (pages 77 to 9'f). 

2) Based on present knowledge, the majority of sewers discharging to the 
St. Clair River appear to present a minimal risk, especially in view of the high rate 
of dilution. 
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3) Chlorination of organic compounds does occur, as previously 
documented, although the compounds identified both in this study and by the 
routine monitoring work are all volatile - chloroform, dichlorobromomethane, 
dibromochloromethane and bromoform. Carbon tetrachloride does not appear to be 
produced by this mechanism. The questions of whether there are non-volatile 
compounds produced and what the precursors are (see Appendix 3), remain to be 
answered. 

^t) With regard to the observation of PCB's in sediments, it was concluded 
that these compounds may have arisen from use of PCB-based hydraulic fluids in 
the past since none of the industries studied are connected with the manufacture or 
distribution of these compounds. 

5) Studies of this type need to involve samples that can be collected and 
stored without significant changes in the concentration of organic compounds. For 
volatile organics, techniques to minimize headspace and exposure to air, as well as 
the use of preservatives, should be investigated. 
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RECOMMENDATIONS 

The following recommendations are proposed in order to obtain additional 
information on the organic compounds present and to further improve the quality 
of the St. Clair River: 

1) Strategies should be developed for ongoing investigations of the 
long-term human health implications of exposure to low-level concentrations of 
organic compounds in drinking water supplies, as identified by this report, and to 
the organic contaminants demonstrated to be present in fish through uptake and 
bioaccumulation. 

2) Additional studies and related development work should be initiated to 
identify and quantitate as much as possible the less volatile organic compounds 
that were not distinguished by the analytical methods used in this study. 

3) For those organic compounds with demonstrated mutagenicity or 
carcinogenicity, efforts by the industries discharging such compounds will be 
required to assess the economic and technical feasibility of isolating and removing 
these compounds from their waste discharges or reducing levels to the lowest 
practicable limits. In addition, in the Discussion section several criteria were 
developed in order to identify potentially hazardous sites for further examination. 
Of the sites so identified eight appear to be more important: 

i) Esso Chemical Canada Limited Pressure Sewer contained high levels of 
aromatic compounds. 

ii) Polysar Limited Stereo API contained high levels of aromatics, 
particularly benzene. Sufficient data may be available for this site but 
confirmation is desirable. 

iii) Dow Chemical Canada Limited 54" Sluice showed high levels of 
chlorinated compounds on one occasion. This should be confirmed by further 
testing. 

iv) Dow Chemical Canada Limited Third Street Sewer contained high levels 
of aromatics and, occasionally, carbon tetrachloride. Other Dow Sewers showed 
significant levels of carbon tetrachloride and should be investigated further. 
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v) Ethyl Corporation of Canada Limited Total Discharge was frequently 
high in chlorinated compounds, particularly dichloroethane. 

vi) Point Edward 5TP - a single sample contained ppm levels of benzene, 
toluene and xylene. The frequency of this type of occurrence should be 
ascertained. 

vii) Walpole Island WTP samples contained up to 60 ppb of organics other 
than trihalomethanes. This should be re-sampled to confirm the concentrations 
that are representative at this site. 

viii) Imperial Oil Limited Intake water should be examined to ascertain the 
fairly high occurrence (1- 1^*2 ppb) of methylene chloride in the tf9 Separator 
effluent. 

The following sites require attention but are less significant: 

ix) Imperial Oil Limited Bio-oxidation Unit - a single sample showed 
benzene at 86 ppb, this needs confirmation. 

x) The Township Ditch should be examined above Polysar to identify the 
source of vinyl chloride and other chlorinated compounds. 

xi) Polysar Limited 5^*" Sewer and 66" Sewer should be examined for 
extractable organics as the TOC and loading values are high but the concentration 
of organic compounds identified was relatively low. 

xii) Polysar Limited 72" Sewer contained high levels of alcohols in 1975; this 

inay require further study. 

xiii) Dow Chemical Canada Limited ^2" and ifS" Sewers both showed fairly 

high TOC values but low volatile organics. The extractable organics should be 
investigated. 

xiv) A single sample from Dow Chemical Canada Limited Second Street 
Sewer contained 168 ppb dichloroethane; this should be examined further. 
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xv) DuPont of Canada Incorporated Intake Water should be examined to 
confirm that the organics largely originate upstream. 

xvi) The fish data may prove more informative if additional analyses are 
performed, particularly on "background" samples from waters upstream of the 
industrial area. 



INTRODUCTION 



The identification and quantitation of organic compounds is an increasingly 
important aspect of environmental analytical work and, in recent years, less 
emphasis has been placed on routine (gross) water quality parameters such as total 
organic carbon (TOC), chemical oxygen demand (COD), pH, solvent extractables 
and phenolics. The problem with detailed organic analyses arises because of the 
large number of possible compounds which leads, inevitably, to samples that 
contain mixtures of many organics, usually at very low concentrations. Classical 
"wet" chemical techniques are unable to cope with this situation. 

The difficulty has been alleviated considerably by iinprovernents in separation 
techniques, particularly Gas Chromatography (GC) and Liquid Chromatography 
(LC). While these techniques are excellent for separating mixtures of organics, 
absolute identification is not possible, and likely tentative identification is 
time-consuming since it must be based on the coincidence of known peaks with 
unknowns, frequently when analyzed on several columns. Techniques that can yield 
positive identification, such as Infrared Spectroscopy (IR) and Nuclear Magnetic 
Resonance (NMR), lack sensitivity and the speed necessary to obtain data from 
fast-eluting GC peaks. The successful interfacing of GC with Mass Spectrometry 
(MS) has provided environmental chemists with an extremely powerful tool. The 
Mass Spectrometer yields highly specific information alx)ut the identity of com- 
pounds and can do so with small amounts of material, frequently i ng or less, in a 
short time, typically 1-5 sec/scan. The availability of commercial GC/MS systems, 
often linked to powerful computerized systems for the acquisition, storage and 
manipulation of data, has proved to be a major development in environmental 
analysis. A computerized GC/MS system was acquired by the Laboratory Services 
Branch of this Ministry in late 197^^ and has since been applied to the determination 
of organic compounds in samples of environmental interest. The identification of 
the sources of organic compounds is fundamental and, with this in mind, a study of 
the St. Clair River was conducted during 1975 and 1976. The purpose of this 
preliminary study was two-fold: 
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i) To evaluate the performance and applicability of the new (GC/MS) 
analytical system in determining the individual organic components present in 
water samples. 

ii) To obtain data concerning the occurrence and sources of organic 
compounds in Ontario waters. 

The St. Clair River system was selected for this study since it is heavily 
industrialized and, in addition, a source of drinking water for several communities 
including Sarnia, Detroit and Windsor (the latter two via Lake St. Clair and the 
Detroit River). 

During the 1975-76 exploratory study grab samples were taken from a variety 
of sources. The majority were industrial effluents although some water and 
sediment samples were also collected. GC/MS work was concentrated on analyses 
for volatile organics. However, this was supplemented by GC-only screening and 
analysis for vinyl chloride and aromatics, and also by measuring "solvent extract- 
ables". The report, isssued in 1977 as an internal working document, indicated that 
47 different organics had been detected, occasionally at significant levels. 

Following this exploratory study, the St. Clair River Project Steering 
Committee and the St. Clair River Organics Study Group were formed within the 
Ministry, and a more extensive study initiated. The expanded study was to involve 
organic and inorganic analyses of river and related samples, in addition to 
industrial effluents, and biological, toxicological and dispersion studies. The goal 
and objectives of the overall study have been described in the foreword: the 
objectives relevant to the organic analyses with which this Report is concerned 
are: 

i) Identification and quantitation of compounds in industrial discharges, St. 
Clair River water, potable water supplies, bottom sediments and fish. 

ii) Determination of the significance of chlorinating trace amounts of these 
organic materials in industrial cooling water discharges, sewage plant effluents and 
in potable water supplies. 
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iii) Determination of the types and concentrations of compounds causing fish 
toxicity and fish tainting problems. 

This second study, commenced in 1977, expanded the types and numbers of 
samples taken and tended to place more emphasis on river water quality. As with 
the 1975-76 study, analytical work was restricted to the volatile organics. An 
important difference was that the earlier study employed grab sampling where the 
1977 study employed mainly composite sampling of the effluents. Several problems 
were encountered with the analyses of the bottom sediments, arising mainly from 
large amounts of hydrocarbons attributed to petroleum products. Analytical 
development work on these samples is continuing and it is anticipated that data 
will be issued at a later date as an addendum to this report. With regard to 
objective iii) above determination of compounds causing fish toxicity and tainting, 
a variety of samples have been analyzed. Data from these analyses is not, 
however, presented here but forms a part of the separate report on fish tainting. 



SCOPE OF REPORT 



The primary purpose of this report is to communicate the results of the 
analyses for volatile organics in the St. Clair River System. It is, therefore, 
complementary to several of the other reports in the overall study which deal with 
the effects of pollution, particularly the biological and fish tainting studies. Two 
reports, those on Mutagenicity Testing and Dispersion, are critical to the interpre- 
tation of data included herein. For the sake of completeness, data from the 
1975-76 study and results from analyses of the bottom sediments for polychloro- 
biphenyls (RGB's) are included. In addition to samples taken specifically for the St. 
Clair River Studies (1975-76 and 1977), certain sites, particularly Water Treatment 
Plants, are the subject of on-going routine monitoring. Data from these surveys 
(generally presented in various "Organics in Ontario Drinking Waters" reports) are 
included where appropriate. 

The report proper begins with a section providing background information to 
the St. Clair River system ("St. Clair River System: Background and Sampling 
Sites"). This includes data on the river itself, on the Industries (location, product 
types, water usage, etc.) and on the Sewage Treatment Plants (STP's). Also 
summarized here are TOC values and flows measured at the time of the 1977 
sampling, and the results of calculations indicating the daily discharge of organic 
carbon to the river: the bulk of this data is contained in Appendix I. The sites are 
considered by category (i.e. contributors to the organic loading, indicators of the 
water quality, etc.) heading in the direction of flow. 

The following sections describe the sampling program for the 1977 study and 
the analytical procedures employed. 

The analytical results are again presented by category, as defined earlier, in 
the direction of river flow. Results for samples taken from sites not on the St. 
Clair River are also included. 

The Discussion section summarizes each site, highlights the significant organic 
compounds observed (including PCB concentrations) and discusses the results in 
terms of hazard to the environment and human health. 



Finally, the Report is summarized in a Conclusion Section and various 
Recommendations made. 

Certain miscellaneous data are contained in the Appendices: Appendix I 
contains TOC, flow and organic loading data for the industrial effluents. Appendix 
2 presents toxicological data on some of the major components. Appendix 3 
describes some of the additional studies undertaken to address objective 3, the 
effects of chlorination on trace organics. 
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THE ST. CLAIR RIVER SYSTEM; BACKGROUND AND SAMPLING SITES 



Figure 1 depicts the location of the St. Clair River. The river, which forms 
part of the U.S. - Canadian border, flows roughly North-South between Lake Huron 
and Lake St. Clair and is approximately 6^* km in length. Lake St. Clair drains into 
Lake Erie via the Detroit River, and consequently the St. Clair River forms part of 
the connection between the Upper and Lower Great Lakes. A more detailed map 
of the St. Clair River and its immediate surroundings is given in Figure 2. 

The daily flow of the river varies between 390 million cubic meters in dry 
seasons and ^^90 million cubic meters in wet seasons. Generally, the bottom profile 
is consistent with a deep central channel bordered by gradual shelving shallows 
close to the banks. As a result, the majority of the flow ( 95%) occurs in the main 
channel, and the remaining 5%, approximately, is available for mixing and dilution 
near the shorelines. It is, therefore, highly likely that industrial and other 
effluents will remain close to the banks and may "carry over" from one outfall to 
intakes further downstream. 

Land adjacent to the northern part of the river, in the vicinity of Sarnja, is 
heavily industrialized, and the river is used both to provide service and cooling 
water and to receive industrial wastes. Daily discharge rates from the various 
industrial operations on the Canadian bank of the St. Clair have been estimated as 
totalling if million cubic meters, i.e. corresponding to roughly 1% of the total river 
flow or 20% of the flow estimated to be available for nearshore mixing. 

The river is a source of potable water for the communities along its length. In 
1975, the Ministry of the Environment completed the Lambton Area Water Supply 
System thereby replacing some of the previously used smaller supplies. The new 
system distributes daily averages of 180,000 cubic meters to Sarnia, municipalities 
downstream and inland communities where source water is in short supply. Other 
water supplies operative in 1977 were: Stag Island Water Supply System (operative 
May to October); Canadian Industries Ltd., Sombra Township; Chinook Chemicals 
Ltd., Sombra Township; Woodtick (Fawn) Island Water Works and Walpole Island 
Indian Reserve Water Works. Walpole Island is located in Lake St. Clair. A few 
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riverside private residences also obtained water directly from the river or via 
wells. The water from the St. Clair ultimately flows into the Detroit River and is 
used as a raw water supply for Detroit and Windsor. 

In addition to industrial effluents, the river also receives wastes from the 
various municipal STP's along its length. At the time of the study, six such plants 
were operative (Point Edward, Sarnia, Corunna, Courtright, Sombra and Port 
Lambton). Sampling, however, was restricted to the three largest plants (Point 
Edward, Sarnia and Corunna). 

The river has extensive commercial marine traffic due to its location in the 
link between the Great Lakes. Other major river usage is mainly recreational, and 
largely restricted to the summer months. 

For the purposes of providing background information and later presenting 
analytical data, the sample types are divided into five groups: 

i) Industrial Effuents 

ii) Sewage Treatment Plant Effluents 

iii) Samples Indicating River Water Quality 

iv) Samples Dependent on Water Quality 

v) Other Samples 

The background information on industrial effluents presented here is, neces- 
sarily, more detailed, owing to the importance of these discharges with regard to 
environmental and public health. The data included indicate the type and size of 
each industrial operation and the number of sewers discharging to the river. Flow 
rates and Total Organic Carbon (TOC) values for each sewer (provided by 
Mr. T. E. Wood, Sarnia District Office) obtained at the time of the 1977 sampling 
are listed in Appendix 1. In order to indicate the possible daily organic 
contribution of each sewer to the river, the results of calculations based on flow 
and TOC are also presented. The calculations were performed for each outfall as 
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follows: i) minimum daily flow was combined with the minimum TOC value 
obtained to yield a "minimum organic loading" figure; ii) maximum TOC and flow 
values were similarly combined to obtain a "maximum organic loading"; iii) the 
Fnean TOC (generally of 6 values) and average flows were combined for the "mean 
organic loading". Thus these figures indicate possible ranges for the organic 
loadings and a mean value. Where TOC values for the intake water were measured 
net organic loading values are provided: these are calculated using the discharge, 
not intake, flow since the latter is generally estimated to be within 10% of the 
former. It must be stressed that while these figures are primarily intended to 
facilitate comparison between the various sewers and industries, they also serve to 
highlight sewers that are of concern because of the magnitude of the discharge. In 
some cases the 1968 Biological Survey (see Biological Report) indicated areas of 
environmental concern and appropriate steps were taken before the 1977 extended 
study. Details of the treatment methods are included where this is relevant. 

The information on STP's is limited to the size, type of treatment and certain 
parameters indicating the quality of the discharge. 

Group iii) (Water Quality Indicators) are samples that may be used to indicate 
the Uiver water quality. Included in this group are samples taken specifically for 
this purpose, i.e. river water, and also samples from other points where water is 
removed from the river, i.e. industrial, municipal and private intakes. 

Group iv) (Samples Dependent on Water Quality) would include all biological 
and sediment samples, i.e. those where accumulation of organic compounds is 
possible. In the 1977 extended study, samples of this type included fish and bottom 
sediments. 

Other samples, Croup v), are samples not taken from the St. Clair River 
system but rather from areas likely to be affected by the quality of the St. Clair 
River. The group includes Water Treatment Plant (WTP) and fish from points 
downstream of the St. Clair, i.e. in the vicinity of Lake St. Clair and the Detroit 
River. 

L Industrial Effluents 

At the time of the 1977 study, seventeen major industries were operative on 
the Canadian bank of the St. Clair River. Sampling was restricted to eleven of 



these since the others either had minimal discharge to the river, discharged via 
municipal systems or via common sewers with other companies. In the 1975-76 
study samples from Fiberglas, discharging to the Township Ditch above Polysar, 
were also analyzed. The following review presents basic information on each major 
industry and is arranged in order from North to South. 

1) Imperial Oil Limited 

Imperial Oil Limited (lOL) maintains a large refinery operation in the Sarnia 
area, processing some 1*^0,000 barrels/ day of crude. The refinery produces a 
complete range of petroleum products including gasoline, jet fuels, heating oils, 
lubricating oils, greases and waxes and involves the usual processes of reforming, 
cracking, distillation, etc. The company maintains three fully operational sewers; 
these are listed in Table A I, together with the flow rates and TOC values measured 
at the times of the 1977 sampling. A fourth sewer, //5 Separator, is an emergency 
bypass and usually has no flow. The Bio-oxidation (BIOX) and //ll and 12 separator 
effluents are combined and discharged to the river via an extended outfall. Values 
on the organic loadings, calculated as described previously (page 8) are presented in 
Table A2. 

The Imperial Oil Ltd. discharges may be divided into two groups: clean water 
discharges and treatment system discharges, originating from complex treatment 
systems designed to remove phenolics, total organic carbon (TOC), solids and 
ammonia. During the 1968 survey, several major problems were noted and dealt 
with in three separate phases. 

Phase 1 , conducted in 1972, concentrated on segregating the two types of discharge 
(clean and treatment system),and involved cataloguing the flows and their origins. 

Phase 2 , conducted in 1973, was designed to improve oil removal from the 
contaminated discharge, and consisted of the addition of a dual media filtration 
system following the gravity separators. This system, once fully operational, 
produced a marked reduction of oil discharged to the river. 

Phase 3 , completed in 1975, addressed the problem of dissolved organics. An 
activated sludge system was installed to complement an earlier phenolics removal 
system, which had greatly reduced the phenolic concentration of the discharges and 
was designed to meet Ministry objectives for phenols. 
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2) Esso Chemical Canada Limited 

The Esso Chemical operation in the St. Clair River is concerned with the 
production of petrochemicals from petroleum and petroleum products. Typical 
operations include alkylations for high octane gasoline additives and polyvinyl 
chloride (PVC) manufacture. The plant has one major discharge, a pressure sewer, 
and relevant data is provided in Table A3. TOC values for the intake water were 
not measured. 

Major problems identified during the 1968 survey were losses of oils, ammonia 
and copper. The plant was, at that time, relying on an impounding basin and oil 
separation facilities. Following the study, complex emulsion-breaking dual media 
filters for oil removal were installed, the problems leading to high ammonia losses 
corrected and the copper discharge situation resolved. The initiation of bioassay 
studies of the effluent led to the discovery that highly toxic materials, lethal to 
fish, were present. The principal constituent was identified as naphthalene and 
programs to remove this compound were initiated and later completed. A resulting 
effluent quality improvement, as measured by bioassay, was observed. 

3) Polysar Limited 

Polysar Limited consists of several units manufacturing polymers or inter- 
mediates for sale or further processing. Typical operations include benzene, 
ethylbenzene, styrene, polybutadiene, polyisoprene, butyl latex and styrene- 
butadiene/neoprene-butadiene rubber (SBR/NBR) copolymer production. The com- 
plex also includes a steam plant to provide steam and electrical power for the 
manufacturing plants. The company maintains five sewers, as shown schematically 
in Figure 3. The Township Ditch receives cooling water from Polysar, drainage 
from the Esso Tank Farm and the Scott Road Landfill sites and cooling water 
discharges from Fiberglas (producing fiberglass products), Cabot Carbon (producing 
carbon black) and Monsanto. Discharge and organic loading data for the Polysar 
sewers are provided in Tables A'*^ and A5. 

Major problems identified in the various discharges by the 196S Biological 
Survey were suspended solids, dissolved organics, ether solubles and pH. Problems 
were approached by process changes (for example, the Wemco, the Graver and the 
main oil separator) but the necessity for further abatement was indicated by 
on-going Ministry studies. A 1976 control order, based on these studies, called for 
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further Improvements in the control of dissolved organics, phenols, suspended solids 
and oils. 

ti) Dow Chemical of Canada Limited 

The Dow Chemical complex comprises a series of separate plants arranged to 
operate in conjunction with one another and yield a wide range of organic products. 
The major raw materials are brine and light hydrocarbons from neighbouring 
refineries. The main products of the complex are chlorinated solvents, vinyl 
chloride, styrene, glycols and glycol derivatives, polymers, chlorine and caustic 
soda. The company has nine sewers dicharging to the St. Clair River; discharge and 
organic loading data is presented in Tables A6 and A7. There are two service 
water intakes: the North (lx>ttom of Third Street) and South (bottom of Fourth 
Street). Only the North intake was sampled in 1977. The first four sewers are 
located under First Street and serve the vinyl chloride, glycol I, solvents, amines, 
chlorine II and polystyrene plants. The Second Street Sewer received discharges 
from the "styron" and glycol II plants. In the "styron" plant various polymers are 
produced from styrene and butadiene: the glycol II plant produces polyglycols. The 
Third Street Sewer receives discharges from the styrene, latex, ethylene and 
polyethylene plants. The Fourth Street Sewer originates in the chloralkali I and 
Bio-oxidation plants. 

The 1968 survey noted problems with DOD, COD, suspended solids, dissolved 
solids, chlorides and phenolic material. The pH levels occasionally exceeded the 
guideline (5.5 to 10.6) used at that time by the Ontario Water Resources 
Commission (OWRC). The use of mercury in the chloralkali plant was also of 
concern. Several pollution abatement measures have since been introduced; the 
use of mercury has been discontinued; discharges of degradable organics have been 
reduced by process changes and the installation of a bio-oxidation plant; discharges 
of soluble organics and oils have been decreased by process changes and treatment. 
The plant is also equipped to degrade chlorinated materials to harmless products by 
incineration. 

5) Sunoco Incorporated 

This plant is concerned with refinery operations, typically cracking, reforming 
and distilling and processes some 90,000 barrels of crude oil per day. One sewer 
discharges to the river; appropriate data being given in Table A8. 
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Major problems noted in 1968 were high levels of ether-soluble materials and 
phenolics. These were corrected by expansion of the biological treatment facility, 
improved capacity for oil removal and increased retention pond capacity. At the 
time of writing, Sunoco's discharge meets Ministry guidelines for most parameters, 
except during periods of surface runoff from process areas and the tank farm. 

6) Shell Canada Limited 

The Shell plant is, again, involved in typical oil refinery processes. Capacity is 
some 80,000 barrels/day. The plant draws intake water from the St, Clair River 
and discharges through two sewers to Talford Creek. Used cooling water is termed 
"clean" water, while process wastes are referred to as "contaminated" water. 
Relevant data is given in Table A9. 

Capacity at the time of the 1968 survey was ^2,000 barrels/day, later 
expanded, and the major concerns were oils, solids and phenols. To treat these 
problems and to process wastes being transferred to a deep disposal well, Shell 
added a biological treatment facility with associated ammonia and hydrogen 
sulphide stripping equipment. These improvements were brought on line early in 
the i970's. Currently, Shell discharges meet Ministry guidelines for most 
parameters. 

7) Ethyl Corporation of Canada Limited 

The Ethyl corporation plant produces alkyl lead compounds, ethylene 
dichloride {i,2-dichloroethane) and pharmaceuticals. The latter is of little concern 
here since the organic contribution to the waste water is extremely small. 
Ethylene dichloride (1,2-dichloroethane) and the corresponding dibromo compound 
are used as lead scavengers in leaded gasolines. It is suspected that ethylene 
dibromide (1,2-dibromoethane), although not manufactured on site, is used in 
blends since it was detected in all samples except one. The effluents are 
discharged via a single sewer: data is presented in Table A 10. Service water is 
obtained from Shell Canada Limited. 

Major concerns in 1968 were dissolved solids and lead. Lead removal facilities 
have since been upgraded although sporadic problems occasionally result in lead 
discharges in excess of Ministry guidelines. 
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8) DuPont Canada Incorporated 

The DuPont plant produces polyethylene from locally obtained ethylene. A 
single sewer discharges cooling water and process wastes, if any, to the river. 
Data is presented in Table All. TOC values were not obtained for the service 
water, and furthermore, intake samples were not provided for analysis. In view of 
the proximity to the Ethyl Corporation operation, it is highly possible that the 
organics detected originated upstream. 

The nature of the plant's operation and product results in essentially clean 
discharge water with occasional polymer pellets present. 

9) Petrosar Limited 

The Petrosar refinery has been added to the St, Clair industrial complex since 
the earlier (1968) study was completed. Major products are petroleum cuts, refined 
aromatics and olefins, including ethylene for use at the DuPont, Polysar and Union 
Carbide plants. Relevant data is presented in Table A 12 for the single sewer. 

The plant utilizes modern technology and has an extremely low water usage. 
Phenol removal is effected by both biological treatment and carbon filtration. The 
outfall to the river is designed to optimize diffusion. 

10) Union Carbide Canada Limited 

This plant produces low and high density polyethylene, the former by a high 
pressure process. Waste flows are low, typically 2273 cubic meters per day, and 
are essentially uncontaminated. The plant was in the process of being brought 
on-line at the time of this study and was not sampled; neither were TOC values 
measured. 

11) Allied Chemical Canada Limited 

The major product of this plant was toluene di-isocyanate for use in various 
polyurethane formulations. Wastes were discharged to a single sewer, relevant 
data being given in Table A 13. The plant was closed in December 1978, and later 
dismantled. 
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12) Beker Industries of Canada Limited 

This plant produced ammonia for use in fertilizers by fixation of atmospheric 
nitrogen. Discharge to the river occurred via two sewers: one handling process 
waste water (API); the other used cooling water. Relevant data are supplied in 
Table Al^. 

This plant was not operational in 1968: later major concerns were with the. 
potential for ammonia loss. The plant was shut down in November 1977, and is not 
expected to operate again. 

13) Canadian Industries Limited 

The CIL plant, again, produces ammonia and fertilizers. Discharge to the 
river occurs via a single sewer, detailed in Table A15. 

Problem areas identified in 1968 were ammonia and phosphorus discharges and 
pH values that occasionally exceeded the OWRC guidelines. The Company has 
since installed an ion exchange system, for ammonia removal, and has improved its 
product handling to reduce spillage and subsequent flushing into the surface 
drainage system. Alarm-type pH and conductivity probes have also been installed 
to indicate spillage. 

In order to facilitate comparison of the various industrial discharges, mean 
TOC, flow and net loading data are summarized in Table 1. Where intal<e TOC 
values were not measured, a value of 'f mg Carbon/litre has been assumed. Other 
water quality data, less relevant to the organic analyses, are contained in the 
Biological Report in this series. It must be stressed that these figures are not 
absolute and are included only for the purpose of comparison with each other and 
with the organic analytical data presented later. Plant discharges will vary 
considerably, in both quantity and quality, dependent on many factors: feed stock 
quality, product priorities, time of year, ambient temperature, etc. These figures 
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TABLE I 



Summary of Industrial Discharges 



Mean TOC 



Mean Flow 



(mg Carbon/L) (1000 m^/day) 



Mean Net 
Loading 
(kg/day) 



Imperial Oil Limited 








(Tables Al and A2) 








//3 Separator 


3.0 


61. <* 


25.8 


#9 Separator 


8.3 


54.6 


314.0 


//1 1,12 Separator 


5.8 


5'f.6 


173.1 


Bio -oxidation 


26.7 


22.7 


546.8 


Intake 


2.6 


— 


— 



TOTAL 



1060.0 



Esso Chemical Canada Limited 
(Table A3) 

Pressure Sewer* 



34.7 



11.4 



350.0 



Polysar Limited 
(Tables A4 and A5) 

Township Ditch 
54" Sewer 
66" Sewer 
Stereo API 
72" Sewer 
Intake 

TOTAL 



5.6 


245.5 


737.0 


29.6 


72.7 


1776.6 


24.8 


295.5 


5762.3 


77.1 


2.7 


193.9 


5.6 


18.0 


5.4 


5.3 


„_ 


-«. 



7812.0 
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Table 1 cont'd 



Mean TOC 



Mean Flow 



(mg Carbon/L) (1000 m^/day) 



Mean Net 
Loading 
(kg/day) 



Dow Chemical Canada Limited 



(Tables A6 and A7) 








1^2" Sewer 


10.2 


55.5 


382.6 


i+S" Sewer 


3.6 


67.7 


20.3 


Acid Tile 


12.7 


12.3 


115.6 


5^+" Sluice 


7.3 


35.0 


litO.O 


Second Street Sewer 


15.8 


52.7 


658.8 


Third Street Sewer 


13.6 


130.9 


Hits. 3 


D.O.E.O. 


3.3 


100.9 


f 


Fourth Street Sewer 


8.1 


288.7 


1385.8 


Steam Plant Sewer 


3.8 


17.3 


8.7 


Intake 


3.3 


— 


— 



TOTAL 



W60 .0 



Sunoco Incorporated 

(Table A8) 

Total Discharge 
Intake 



6.3 
3.9 



68.2 



163.7 



Shell Canada Limited 
(Table A9) 

Contaminated Water 

Clean Water 

Intake 

TOTAL 



5.6 


100.0 


2if0.0 


3.8 


120.9 


72.5 


3.2 


— 


— 



313.0 



Ethyl Corporation of Canada 
(Table A 10) 

Total Discharge* 



5.3 



39.3 



W.6 
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Table 1 cont'd 



Mean Net 



Mean TOC Mean Flow Loading 

(mg Carbon/L) (1000 m-^/day) (kg/day) 

DuPont Canada Incorporated 
(Table All) 

Total Discharge* 6.3 27.3 62.8 

Petrosar Limited 
(Table A 12) 

Total Discharge 7.8 22.7 102.3 

Intake 3.3 — 

Allied Chemical Canada Limited 
(Table A 13) 

Total Discharge 4.2 16 A ~k.9 

intake 1^.5 ^. 

Beker Industries of Canada Limited 
(Table A14) 

Cooling Water 3.8 81.8 122.7 

API Sewer 6.6 0.9 5.9 

Intake 2.3 -« 

TOTAL 128.6 

Canadian Industries Limited 
(Table A 15) 

Total Discharge 2.83 322.8 25.8 

Intake 2.75 ^ „ 

•Intake TOC not measured, a value of 4 mg carbon/litre has been assumed. 

Figures calculated by subtracting mean intake TOC from mean TOC 
for each sewer and multiplying result by average flow. 
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highlight this variability. The calculation assumes that no water loss occurs in 
the plants, i.e. quantity of water taken in equals quantity of water discharged. 
This is clearly impossible, and water lost as steam and vapor will have an overall 
concentrating effect resulting in higher TOC values. This effect will, to some 
extent, be balanced by a similar loss of volatile organics present in the intake 
water passing through the plant. It is clear from some of the figures that 
extrapolation of this kind is not always reliable: a striking example is Allied 
Chemical of Canada Limited, where the net value is negative, indicating the plant 
removes organic carbon from the water. Nevertheless, comparisons are possible: 
Table 1, ignoring data for Allied Chemical of Canada Limited, shows that daily net 
organic carbon discharges range from to 7812.0 kg/ day, while individual sewers 
may range up to 5762.3 kg/day (Polysar 66" Sewer). The figures also demonstrate 
that the TOC values alone may not reflect the environmental impact of a 
particular sewer, but that flow is also important. Thus the Polysar 66" Sewer has 
the highest net daily loading, but the TOC value (mean 2'f.8) is considerably lower 
than that of the Polysar Stereo API Sewer (mean 77.1). Furthermore, since the 
"Blue Book" ("Water Management Goals, Policies, Objectives and Implementation 
Procedures of the Ministry of the Environment", Ministry of the Environment, 
November 1978) lists an acceptable TOC of 5 mg Carbon/litre for drinking water, 
it is clear that many of the discharges (8 out of 29) are essentially clean while 12 
more are within a factor of two (i.e. less than 10 mg Carbon/litre). The remaining 
nine have mean TOC values ranging from 10.2 to 77.1 mg Carbon/litre, and are 
associated with Imperial Oil Limited(l), Esso Chemical Canada Limited(l), Polysar 
Limited(3) and Dow Chemical Canada LimitedCf). 

Since the initiation of this study and first sampling in 1977, the plants of both 
Beker Industries of Canada Limited and Allied Chemical Canada Limited have 
ceased operations. 

Pollution abatement is a major concern of both the industries and the Ministry 
of the Environment, and is subject to on-going improvements. Since the 1977 
study industrial efforts have concentrated on improving existing facilities, particu- 
larly in the areas of pretreatment and equalization prior to bio-treatment. A 
further major effort has been in the collection and treatment of surface water 
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runoff. In contrast the industrial analytical facilities have not iinproved signifi- 
cantly although all sewers now have composite samplers for routine parameter 
analyses such as TOC, ammonia, suspended solids, etc. 

IL Sewage Treatment Plant (STP) Effluents 

As mentioned earlier, STP effluents must be regarded as an important 
secondary source of organics, particularly where there is a possibility of industrial 
effluents being discharged via the sewage system. Furthermore, the possibility of 
producing hazardous chlorinated compounds during the water treatment process 
cannot be excluded (see Discussion and Appendix III). 

Data for the six STP's on the Canadian bank of the St. Clair River are 
presented in Table 2. Sampling was restricted to the three largest plants; Point 
Edward, Sarnia and Corunna. In addition to their size, the Point Edward and Sarnia 
plants only employ primary treatment processes and are, therefore, likely to 
contribute significant organic loadings to the river. 

The relative locations of the industrial and STP discharges described in the 
preceeding sections are shown in Figure ^t. There are two areas that require some 
clarification: both Sarnia STP and Esso Chemical of Canada Limited discharge 
their effluents in amongst the Imperial Oil Limited sewers, the order (north-south) 
being: Imperial //3 separator, Imperial #5 separator, Sarnia STP, Esso Chemical 
Canada Pressure sewer. Imperial //9 separator, Imperial extended outfall (//ll, 12 
separator and Bio-oxidation). The Township Ditch is immediately upstream of the 
Polysar complex, and data for this outfall is always reported with Polysar. In 
addition to receiving used cooling water discharges from Polysar, the ditch, as 
mentioned earlier, receives other cooling water discharges from Cabot Carbon, 
Fiberglas of Canada and Monsanto, drainage from a petroleum tank farm and also 
landfill sites on Scott Road. 

III. Water Quality Samples 

For the purposes of this report, "samples that indicate river water quality" are 
samples from sites where water is removed from the river in addition to actual 
river water samples. Thus, industrial, municipal and private residential water 



TABLE 2 

Summary of Municipal Waste Treatment Facilities Along the 
Canadian Side of the St. Clair River 









Annual Loading (kilograms) 




Treatment capacity 






Suspended 


Total 


Municipality 


(cubic meters/day) 


Type of treatment 


BOD^ 


solids 


phosphorus 


Point Edward^ 


2,590 


Primary 


it0,800 


31,300 


1,700 


Sarnia^ 


65,900 


Primary 


550,000 


355,700 


10,353 


Corunna 


l,it50 


Extended aeration 


4,300 


3,900 


ttZO 


Courtright^ 


570 


Extended aeration 


210 


530 


110 


Sombra 


WO 
(26 acres) 


Lagoons 


2tt7 


1,317 


26 


Port Lambton 


560 
(36 acres) 


Lagoons 


730 


3,636 


59 



1^ 



^1977 data ^^1978 data 



All treatment facilities employ phosphorus removal 
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intakes are also included, and the resulting sites, shown in Figure 5, form a broad 
picture of river water quality. Samples from the Lambton Area Water Supply 
System are also presented in this section, although the results cannot be taken as 
indicative of river quality as analytical work was restricted to the finished water 
which may include artifacts produced in the treatment process. Furthermore, 
other organics may have been removed during purification. 

IV. Samples Indicating River Water Quality 

Since both fish and sediments may accumulate certain organics, they can act 
as long-term indicators of water quality. 

The fish sampling program was organized in co-operation with the Ministry of 
Natural Resources, and staff from that Ministry submitted frozen fillets to the 
Laboratory for emaiysis. The program started rather late in 1977 (October and 
November) and temperature differences of the water and effluents (sampled April, 
May and June) may have affected the results. Fish were obtained from the vicinity 
of Imperial Oil Limited, Stag Island and the Ontario Hydro outfall. Although fish 
may be regarded as important indicators of water quality, several important 
problems and factors must be considered. Fish can be quite difficult to analyze 
because of interferences from bio-organics, particularly lipids. This is somewhat 
alleviated by performing analyses for volatile organics although, even then, large 
quantities of aliphatic hydrocarbons frequently mask compounds of greater 
interest. Factors affecting data interpretation include fish behaviour, position in 
food chain, habitat, althtough age, size and related bio-accumulation data are 
important. During the planning of this study, much emphasis was placed on the fish 
analyses and considerable thought was given to the above factors. In practice 
there was little variation in the species caught, which imposed limitations on the 
study as initially planned. 

Bottom sediments, as mentioned above, can be good indicators of water 
quality and, in many cases, act as important integrators of the pollutant concentra- 
tions. All sediments examined for organics contained large quantities of aliphatic 
hydrocarbons and because of interferences from these comprounds detailed analyses 
were not possible. It was, however, possible to obtain polychlorinated biphenyl 
(PCB) data, which is included here for the sake of completeness, although 
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discussion of the results is contained in the biological report. Sediment samples 
were obtained from two sets of sites: river sites and industrial sites. The former, 
shown in Figure 6, were chosen to indicate overall river quality, while the 
industrial sites, Figure 7, were selected for their proximity to industrial outfalls. 
Figure 7 also indicates the sites of sampling conducted in 1975. 

V^ Other Samples 

In addition to the samples and sites bearing directly on the St. Clair River, 
detailed above, a variety of samples were obtained from areas adjacent to the river 
or areas where pollutants arising from the St. Clair may be important. These were: 

5TP Effluents 

Wallaceburg - ultimately discharging to the river and Lake 
St. Clair (see Figure 2) 

Little River (Windsor) - discharging to the Detroit River 

West Windsor - discharging to the Detroit River 
WTP Water Samples 

Walpole Island - water obtained from Lake St. Clair (see Figure 2) 

A. J. Brian Pumping Station (Windsor) 
Fish 

Lake Huron - Blue Point South, close to the St, Clair River 

Lake St. Clair (see Figure 1) 

- Mitchell's Bay 

- Puce 

- Tremblay Creek 

Routine Monitoring Data - WTP's 

Tilbury North 

Windsor 

Amherstburg 

Analytical results for these samples are presented immediately following the 
St. Clair results proper. 
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SAMPLING PROGRAM 



Since data from the preliminary (1975-76) organics survey is included with the 
analytical results, the samples collected are described here along with those for 
the extended (1977) study. 

The preliminary study concentrated on industrial sites, although some sedi- 
ments were also examined. The industrial samples were from both final effluents, 
i.e. discharges to the river, and a variety of in-piant process streatns. The only 
samples that may be used to compare river water quality were those collected 
from industrial intake waters. All samples used in the preliminary study of 
1975-76 were grab samples. 

In contrast, a far wider range of samples, as noted previously, were collected 
for the 1977 study. The industrial sainples were limited to intakes and discharges 
to the river, but STP, WTP, private residence, fish and sediment samples were also 
collected. In order to minimize the effects of discharge variations (both quality 
and quantity) the majority of industrial samples were 2t-hour composites. 

Sampling for the extended study proceeded in three phases. Initially, during 
May to August 1977, samples were collected from all sites. But as the analytical 
work proceeded, it became clear that there were large variations in organic 
concentrations from sample to sample, particularly in the industrial effluents, and 
four possible reasons were identified: 

i) Actual effluent variations. 

ii) Awareness of the sampling program by the industries concerned, with 

possible strict, temporary effluent control. 

iii) Variation in sample collection or handling procedures, i.e. variable 
amounts of headspace and storage periods. 

iv) Variations in analytical procedure or instrument performance. 
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In view of the scale and complexity of industrial operations on the St. Clair 
River, point i) is thought to be highly likely. Point ii) is thought unlikely as 
industrial operating schedules are normally arranged well in advance, although it is 
possible that operations which would give unreasonably high levels, i.e. reactor 
cleaning, could be temporarily postponed during sampling. It is frequently observed 
that grab samples show higher levels of organics than automatic composites, and 
this factor appears more important than storage time. Since automatic samples 
often have large, and variable, amounts of headspace and may be open to 
atmosphere longer during sampling, it is thought that point iii) may be the major 
factor. This is also likely to most affect samples with high concentrations of more 
volatile components. Point iv) is thought unlikely since blanks and standards were 
analyzed frequently. Effluent variation is also supported by the TOC values, 
presented under background information, which were obtained independently of the 
organic analyses. Because of these factors it is believed that many of the results 
reported here are underestimates. 

The sheer volume of samples collected in 1977 necessitated the setting of 
analytical priorities and, because of concerns over the effluent variations, by no 
means all samples (six per site) were analyzed. At least one sample was analyzed 
from each site, but efforts were concentrated on sites known from earlier work to 
contain large quantities of organics. A re-sampling program was proposed and 
commenced in the summer of 197S. Grab samples were obtained from four 
outfalls: 

Imperial Oil Limited //9 Separator 

Polysar Limited 5V Sewer 

Polysar Limited 66" Sewer 

Dow Chemical Canada Limited Third Street Sewer 

and were collected at various times over a period of several days. 

Later in 1978 additional unannounced sampling was performed on the intake 
waters to Dow Chemical Canada Limited and Polysar Limited and the discharges 
from Dow's Third Street sewer and Polysar's Stereo API. Composite samples were 
taken over a 2'^-hour period with additional grab samples at four hourly intervals. 
During the sampling period, the Dow Plant experienced an incident that resulted in 
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tlie discharge of considerable quantities of organics to the Third Street Sower 
before the contingency plans operated (see Table 26, page 62). While the results 
for these samples cannot, therefore, be taken as representing effluent quality, they 
do indicate levels of organics that can result from such accidents. Considering the 
scale of the industrial operations, it would seem reasonable to assume that 
accidental discharges of this nature are quite frequent. 

For the sake of clarity, the industrial effluent sampling program is sum- 
marized, for both studies, in Table 3. As shown in the Table many additional 
in-plant sites were sampled in 1975 but, nevertheless, there is sufficient dupli- 
cation of sites to permit some comparisons. 

The sites for sediment samples collected during the 1975-76 study are 
described in the Analytical Results section, page 33. 



26 



TABLE 3 



Summary of Industrial Sampling Sites for the 
1975/76 and 1977 St. Clair River Studies 



1975/76 1977 May 1978 Oct. 1978 



Imperial Oil Limited 

Intake Water * 4 

Refinery Filter Influent* * 

Refinery Filter Effluent* ♦ 

//3 Separator 4 * 

//9 Separator * + 

//li Separator* -^ 

//1 2 Separator* * 

//1 1,1 2 Separator* + 

Bio -oxidation Unit* t + 

Esse Chemical Canada Limited 

Intake Water ♦ 

Chemical Plant Filter Influent* * 

Chemical Plant Filter Effluent* *• 

Pressure Sewer + 

Fiberglas Limited 



Total Discharge 


■*.- 






Polysar Limited 








Intake Water 


* 






lip Ditch, above Polysar 


* 






Township Ditch 


* 


f 




S'*" Sewer 


.» 


*■- 


*■ 


66" Sewer 


* 


»■ 


+ 


Stereo API 


* 


■J-. 




72" Sewer 


4 


+■ 
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Table 3 cont'd 

\375I7G 1977 May 1978 Oct. 1978 



Dow Chemical Canada Limited 








tt2" Sewer 


+ 


+ 




i^&" Sewer 


+ 


+ 




Acid Tile 


4- 


+ 




54" Sluice 


+ 


+ 




Second Street Sewer 


+ 


+ 




North Intake 


4^' 


+ 


* 


Third Street Sewer 


+ 


■*• * 


* 


D.O.E.O. 


+ 


+ 




Fourth Street Sewer 


*■ 


* 




Steam Plant 


+ 


+ 




South Intake 


■■#- 






Sunoco Incorporated 








Intake Water 


ir- 


* 




Total Discharge 


*■• 


*. 




Shell Canada Limited 








Intake Water 


■* 


+ 




Bio-treater Influent* 


* 






Bio-treater Effluent* 


■* 






DAF Effluent* 


t 






Potentially Oily Water* 


W 






Clean (cooling) Water 


+ 


+ 




Contaminated (combined) Water 


+ 


* 




Ethyl Corporation of Canada Limited 








Intake Water 


.« 






Hydramation Filter Effluent* 


*■ 






Hydrolysis Pit Effluent* 


+ 






Total Plant Effluent 


f- 


* 




DuPont Canada Incorpxirated 








Intake Water 


4 






Plant Effluent 


-*' 


+. 
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Table 3 cont'd 

1975/76 1977 May 1978 Oct. 1978 



Allied Chemical Canada 

Intake 
Total Discharge 









Beker Industries of Canada Limited 

Intake * ^ 

Cooling Water I, # 

API Sewer + + 



Canadian Industries Limited 

Intake Water 

Phosphate Ditch* 

Urea Plant Effluent* 

Nitrate Sewer* 

Total Effluent 






4 



* Indicates in-plant sample: these are samples collected from points in 
the process or treatment streams and are further treated or combined 
with other streams before discharge to the river. 



+ Indicates sampling during the period shown. 
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ANALYTICAL PROCEDURES 

During the 1975-76 study, samples were examined by a variety of techniques. 
In order to reduce the GC/M5 loading, samples were first extracted with 
cyclohexane at pH 7, pH 1 and pH 1 1 and screened by injecting 5 ul aliquots of the 
concentrated extracts onto a GC equipped with a flame ionization detector (FID) 
and a 6' X 1/8" glass column containing 3% LICW-9S on Chromosorb W. The 
temperature was programmed from 60 to 200°C at 10 C/min. Samples showing 
significant levels of organic compounds were then analyzed further. Comfxiund 
identification was performed using GC/MS and a purge and trap technique 
(described later). This analysis was essentially qualitative although the concentra- 
tions of some components (chloroethane, dichloroethane, trichloroethane, tetra- 
chloroethane, tetrachloroethylene, dichloropropane, tetrachloropropane, hexa- 
chlorobutadiene, butadiene, diethylbenzene, dimethyldiethylbenzene and diphenyl 
ether) were estimated from the response of a FID which received part of the GC 
effluent. Gas chromatographic conditions were as described previously. 

Following com(X>und identification, appropriate GC-only analyses for quanti- 
tation were performed on replicate samples as follows: 

a) Volatile Organohalides 

Chloroform, dichlorobromomethane, dibromochloromethane, carbon 
tetrachloride and trichloroethylene were analyzed by the direct aqueous injection 
of 9 uL aliquots to a GC equipped with an electron capture detector (ECD). This 
method is detailed in an earlier report ("Organics in Ontario Drinking Waters, Part 
I. The Occurrence and Determination of Free and Total Potential Haloforms" by 
A. A. Nicholson and O. Meresz, Ministry of the Environment, 1976). The detection 
limit of this method is 0.5 ppb for chloroform. Routine monitoring data (see 
Analytical Results, Section v "Other Samples") was obtained by this method. 

b) Vinyl Chloride 

Samples collected separately in 20 mi hypo-vials, were subjected to headspace 
analysis for vinyl chloride. Headspace gases were injected onto a 7' x 1/8" 0A% 
Carbowax WO column operated isothermally at 100 C. The detection limit was 
1 ug/litre (1 ppb). 
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c) Alcohols 

Direct aqueous injection using a 6' x 1/8" Poropak column programmed from 
90° to 250°C at 8°C/rnin was employed to quantitate alcohols. A variety of 
calibration curves were determined but only ethanol, i-propanol and t-butanol were 
observed in real samples. The detection limit was 1 mg/litre (1 ppm). 

d) Aromatic Hydrocarbons 

Quantitation for benzene, toluene, xylene, ethylbenzene and styrene was 
performed by extracting a 900 ml aliquot with 1.0 ml hexane followed by analysis 
on a IT X 1/8" 5% Bentone-3'^/5% DIDP column operated isothermally at 125 C. 
The detection limit with a flame ionization detector was 1 mg/litre (1 ppm). 

Analyses of sediments was largely restricted to determination of the chloro- 
form solvent extractables although GC/MS analyses, using the purge technique, 
were performed on some samples. 

Analytical methodology for 1977 was restricted to GC/M5 analyses for volatile 
organics using the same purge and trap procedure as in 1975, described below, but 
employed quantitatively. This obviated the need for separate GC-only quantita- 
tion, resulted in improved detection limits (0.05 to 0.1 ug/litre for most com- 
pounds) and increased the range of compounds that could be quantitated, but did 
necessitate long storage of many samples. 

The apparatus used for purging is illustrated in Figure 8. Samples, generally 1 
litre, were placed in the specially constructed glass purge vessel which had been 
previously thoroughly cleaned with chromic acid and organic-free water. The 
vessel contained a glass frit and a tube to allow the purge gas to be admitted below 
the frit, dispersed and passed through the sample. Dispersion was aided by 
magnetic stirring. The vessel was placed in a water bath held at 90 C and purged 
with dry nitrogen for 30 minutes. Heating permitted several higher molecular 
weight components, for example, ethyl and higher substituted benzenes, naphtha- 
lene and substituted naphthalenes and dichlorobenzene to be purged and analyzed. 
Low molecular weight is not, of course, the only criterion for successful purging. 
Thus highly polar compounds such as phenols, acids, amines, glycols, etc. do not 
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FIGURE 6 - SCHEMATIC OF PURGING APPARATUS 
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purge well, if at all, and would not have been detected in this study. The iiitroj;eii 
and volatile organics eincrginj^ from the vessel passed through a Stainless Steel 
U-tube containing Tenax GC and Dexsil 300, which trapped the organics. Follow- 
ing purging, the trap was transferred to the Gas Chroinatograph of a GC/MS 
system and thermally desorbed onto the analytical column as the oven temperature 
increased. In early work a very short (1 foot) Chromosorb 10 i column was used. 
This produced short runs, but showed poor resolution resulting in some components 
being missed and causing quantitation problems, because of overlapping peaks. 
1977 samples were analyzed using a 12 foot Tenax GC column, with far better 
results. The temperature program used was 60-200 C at 10 C/minute. The 
column effluent was split between a flame ionization detector (FID) and the mass 
spectrometer. Positive identification of the organics observed was obtained by 
examining the mass spectra while quantitation was achieved from the FID output 
using an external standard, that is, comparison of FID responses for the unknown 
concentrations with those from standards. Recovery rates were measured by 
comparing FID responses from purged standard solutions against responses from the 
solution injected directly into the GC. 

A single set of samples (Table 42) were taken in 1980 to clarify some earlier 
results from the Lambton Water Supply System (Table 41). These were quantitated 
Dy MS, rather than FID, response following on-going development to improve 
reliability and precision. 

During most of the analyses reported here, the following equipment was used: 

Gas Chromatograph: Hewlett-Packard 7620A 
Mass Spectrometer: AEI (Kratos) MS30 

In some later analyses, the following was employed: 

Gas Chromatograph: Varian 27if0 

Mass Spectrometer: DuPont Instruments 2 1-491 BR 

In both systems, GC/MS interfacing was via a jet separator and the MS output 
was connected to an AEI (Kratos) Datasystem, model DS50 (later DS50S), for 
acquisition of the mass spectra and assistance with the interpretation of results. A 
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Shimadzu integrator was used to provide area measurements of the FID response 
for quantitation. 

Fish and sediment samples were analyzed in a similar fashion, except that a 
weighed portion of sample was added to one litre of organic-free water in the 
purge vessel. Frequent analyses of organic-free water blanks were performed. 



i.. 



1 

1 
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ANALYTICAL RESULTS 



In the following tables data is presented in the five groups discussed previously 
in the section on background information, viz: 

i) Industrial Effluents 

ii) Sewage Treatment Plant Effluents 

iii) Samples Indicating Water Quality 

iv) Samples Dependent on Water Quality 

v) Other Samples 

"Other Samples" are samples from sites not immediately on the St. Clair 
River. Within each group, results are presented for sites taken in order from North 
to South. 

Under the conditions of these analyses, i.e. identification/confirmation by 
Mass Spectrometry with quantitation by Gas Chromatography, accurate quantita- 
tion can generally be performed in the range 100 ng/litre (100 ppt) to 1 mg/litre 
(1 ppm). Identification was often possible outside this range, however, both at 
trace (50-100 ppt) levels and at concentrations in excess of 1 ppm. In the following 
data these situations are denoted + and M respectively. 

i) Industrial Effluents 

Analytical results for the industrial effluents are presented in the following 
Tables. They are arranged as follows: 

Site(s) Date Table 

Imperial Oil Limited 

#3 Separator 1975, 1977 :% 

//9 Separator 1975, 1977 S 

//9 Separator May 1978 6 
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Site(5) 

/Ml and //1 2 Separator 
Bio-oxidation Unit 



Pate 

1975, 1977 
1977 



Table 



Esse Chemical Canada Limited 
Pressure Sewer 



1977 



Fiberglas Canada Limited 
Total Discharge 

Polysar Limited 

Township Ditch 
5U" Sewer 
5i^" Sewer 
66" Sewer 
66" Sewer 
Stereo API 
Stereo API 
72" Sewer 



1975 



m 



1975, 1977 


11 


1975, 1977 


it 


May, 1978 


IS 


1975, 1977 


14 


May 1978 


15 


1975, 1977 


m 


October 1978 


17 


1975, 1977 


m 



Oow Chemical Canada Limited 

k2" Sewer 

48" Sewer 

Acid Tile 

5^*" Sluice 

Second Street 

Third Street 

Third Street 

Third Street 

D.O.E.O. 

Fourth Street 

Steatn Plant 



1975, 1977 


If 


1975, 1977 


20 


1975, 1977 


21 


1975, 1977 


22 


1975, 1977 


m 


1975, 1977 


2k 


May 1978 


W 


October 1978 


m 


1975, 1977 


27 


1975, 1977 


28 


1975, 1977 


29 
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Site($) Date Table 

Sunoco Incorporated 

Total Discharge 1975, 1977 30 

Shell Canada Limited 

Clean Water 1975,1977 31 

Contaminated Water 1975,1977 32 

Ethyl Corporation of Canada 

Total Discharge 1975, 1977 33 

DuPont Canada Incorporated 

Total Discharge 1977 3^^ 

Allied Chemical Canada Limited 

Total i')ist:harge 1975, 1977 35 

Beker Industries of Canada Litnited 

Cooling Water and API Sewer 1977 36 

Canadian Industries Limited 

Total Discharge 1975, 1977 37 

ii) Sewage Treatment Plant Effluents 

The following tables present the analytical data for STP effluents: 

Site(s) Hate Table 

Point Edward. Final Effluent 1977 38 

Sarnia. Raw Sewage and 1977 39 

Final Effluent 

Corunna. Final Effluent 1977 ^fO 
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iii) Samples Indicating River Water Quality 

Analytical data for river water Municipal and Private water supplies and 
industrial service water samples are presented in the following Tables. They are 
arranged in the following order: 



Site(s) 



Date 



Table 



Lambton Water Supply System 

Finished Water 

Raw and Finished Water 



1977 
1980 



41 
42 



River Water. Blue Water Bridge 



1977 



iii 



Imperial Oil Limited 
Intake Water 

Polysar Limited. Intake Water 



1975, 1977 
1975, 1977, 1978 
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Dow Chemical Canada Limited 
North Intake 
South Intake 



1975, 1977, 1978 
1975 



47 



River Water. Dow Chemical/ 
Sunoco Fence Line 



1977 



m 



Sunoco Incorporated 
Intake Water 



1975, 1977 



U9 



Kiver Water. Sunoco Below Dock 



1978 



5fl 



Shell Canada Limited 
Intake Water 



1975, 1977 



51 
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iii) Samples IndicatinR River Water Quality, continued 



Site(s) 



Date Table 



River Water. Talford Creek 1978 12 

Allied Chemical Canada Limited 1975, 1977 53 

Intake Water 



Private Residence Water Supplies 
St. Clair Parkway 



1977 5^^ 



Beker Industries of Canada Limited 1975, 1977 55 

Intake Water 

Canadian Industries Limited 1975, 1977 56 

Intake Water 

River Water. Sombra Ferry Dock 1977 57 

'^ Two samples from different dates 
iv) Samples Dependent on Water Quality 

Analytical results for fish and bottom sediment samples presented in the 
following Tables, and arranged as follows: 

Site(s) Date Table 

a) Fish 

Below Imperial Oil 1977 58 

Near Stag Island 1977 59 

Lambton Power Station Outfall 1977 60 
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iv) Samples Dependent on Water Quality, continued 



b) Bottom Sediments 



Various 



i) 



Various 



ii) 



River Stations 



iii) 



Industrial Stations 



iii) 



1975 
1975 
1977 
1977 



61 



63 



i) 



Solvent extractabe data 



ii) 



Qualitative GC/MS by purge and trap 
"^^ PCB data 



v) Other Samples 

Data for STP effluents, WTP waters and fish not directly influencing, or 
influenced by, the St. Clair River are presented in the following tables: 



Site{s) 



Date 



Table 



Wallaceburg STP. Raw 
sewage and final effluent 



1977 



65 



Little River STP. Raw 
sewage and final effluent 



1977 



m 



West Windsor STP. Raw 
sewage and final effluent 



1977 



if 



Walpole Island WTP 
Finished Water 



1977 



#1 



A. J. Brian Pumping Station 
Raw and Finished Water 



1977 



m 
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v) Other Samples, continued 



5iu-(s) 



Date 



Tabic 



Fish from Lake Huron 
and Lake St. Clair 



1977 



70 



Tilbury North Township WTP 
Finished Water 



1978, 1979 



71 



Windsor WTP 
Finished Water 



1977, 1978 



72 



Amherstburg WTP 
Finished Water 



1977, 1978, 1979 



73 
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TABLE i^ 



Imperial Oil Limited 
ff3 Separator - 1975 and 1977 



1975 
Grab 



May 10, 1977 
Composite 



Methylene Chloride 

Chloroform 

Benzene 

Toluene 

Xylene 

TOC (May 10, 1977) 
mg Carbon/litre 



NQ 

NQ 

NQ 

NQ 



0.1 



M 



All values in ug/litre (ppb) 

NQ detected not quantitated 
- not detected 



: LiJ ., 



-(H 



TABLE 5 



Imperial Oil Limited 
//9 Separator - 1973 and 1977 



1975 
Grab 



May 10, 1977 
Composite 



Methylene Chloride 

Chloroform 

Carbon tetrachloride 

Toluene 

Xylene 



NQ 

NQ 
NQ 



i 



TOC (May 10, 1977) 
mg Carbon/litre 



NQ 



All values in ug/litre (ppb) 



NQ detected not quantitated 
- not detected 
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TABLE 6 






Imperial Oil Limited 






//9 Separator - 


May 1978 






May 25 






Noon 


it p.m. 


8 p.m. 


Methylene Chloride 


I 


5 


26 


Chloroform 


- 


-- 


+ 


1,1 dichloroethane 


- 


+ 


- 


Trichloroethylene 


+ 


•¥■ 


- 


Toluene 


+ 


+ 


S" 


Xylene 


- 


+ 


- 



May 26 
8 a.m. 



U2 
+ 

+ 

* 
+ 



All Grab Samples 
All values in ug/litre (ppb) 

+ trace (0.05 - 0.1 ppb) 
- not detected 
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TABLE 7 



Imperial Oil Limited 
//U and //12 '^ Separator - 1973 and 1977 



1973 

Grab 

#11 //12 



1977 
Composite 
//1 1,1 2 Separator 



Methylene chloride 

Chloroform 

Cyclohexane 

Toluene 

Xylene 



NQ 



ii) 



S 



TOC (May 10, 1977) 
mg Carbon/litre 



All values in ug/litre (ppb) 

NQ detected not quantitated 
- not detected 

i) In 1975/6 sewers were sampled separately. In 1977 combined effluent 
was sampled prior to mixing with Bio-oxidation effluent 



ii) or ethylbenzene 
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TABLE 8 



Imperial Oil Limited 
Bio-oxidation Unit 



May 10, 1977 
Composite 



Chloroform 

Benzene 

Toluene 

Petroleum Hydrocartwns 



3 
86 

+ 
NQ 



TOC, mg Carbon/litre 



13.5 



All values in ug/litre (ppb) 

+ trace (0.05 - 0.1 ppb) 
NQ detected not quantitated 



'J 
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TABLE 9 










Esso Chemical Canada L 


imited 








Pressure Sewer 










1977 










May 


May 


June 


3uly 




m 


31 


21 


12 


Benzene 


n 


. 


20 


m 


Toluene 


vi^ 


U-. 


39 


1000 


Xylenes 


m. 


3 


98 


7 


Styrene 


m 


!Ti 


7?- 


■* 


Cumene/ethyltoluene 


1© 


0.2 


59 


■r 


Trimethylbenzenes 


i5 


« 


- 


517 


Propylbenzene 


»?■ 


- 


95 


— 


Diethylbenzenes 


• «*• 


^ 


ifO 


■^ 


Methyistyrene 


- 


■** 


NQ 


'Tw 


Triethylbenzenes 


■h 


■f 


- 


--' 


Naphthalene 


M 


■3i 


2if 


+ 


Methylnaphthaiene 


1^ 


4 


3000 


+ 


Dimethylnaphthalene 


-■ 


- 


- 


NQ 


Indane 


.'•->' 


- 


- 


+ 


Methylindane 


- 


* 


- 


- 



TOG (mg Carbon/litre) 



35.5 



37.5 



15.5 



22.5 



* Grab Samples 

All values in ug/litre (ppb) 

NQ detected not quantitated 

+ trace (0.05 - 0.1 ppb) 

- not detected 

M ppm level 



-46 



TABLE 10 



Fiberglas 


Canada I 


.imited 
1975 




Total Discharge 




Vinyl Chloride 






32 
^ i) 


Oichloroethane 






NQ ' 


Trichioroethane 






NQ '^ 


Trichloroethylene 






2 

^ i) 


Hexachlorobutadiene 






NQ ' 


Toluene 






NQ 



All values in ug/Utre (ppb) 

NQ detected not quantitated 
i) estimated as 10 - 100 ppb 
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TABLE 11 



Polysar Limited 
Township Ditch '^ 1975 and 1977 



1975 





Above* 


Below* 


Methylene Chloride 


- 


- 


Chloroform 


t 


:- 


Carbon Tetrachloride 




- 


Chloroethane 


- 


Dichloroethanes 
Tetrachloroethane 




nq''> 


Hexachloroethane 


- 


*-■ 


Trichloroethylene 


IS 


- 


Tetrachloroethylene 


nq"^ 


". 


Hexachloro butadiene 
Benzene 


m''^ 


Vinyl Chloride 


215 


i^ 


TOC (mg Carbon/litre) 


NQ 


NQ 



1977 Composite 
April 18* May 10 AuR. 30 



+ 



NQ 



12 






OA 



5.5 



AH values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ not quant itated 

* Grab Sample 

i) 1975/76 sampling was conducted at two points: 

above and below Polysar. 1977 sampling was 

below Polysar only. 



ii) estimated to be 10 - 100 ppb. 
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TABLE 12 



Polysar Limited. 5H" Sewer 



1975^ 



1977 
April 18* May 10 3une 21 



Chloroform 


^ 


- 


Trichloroethylene 


NQ 


^ 


Methy let hylke tone 


NQ 


^ 


Propanol 


NQ 


■"' 


t-Butanol 


376 ppm 


••/ 


But-2-en-l-ol 


NQ 


*.- 


Vinyl Chloride 


172 


"■ 


Aliphatic hydrocarbons 


- 


+ 


TOC (rng Carbon/litre) 


NQ 


NQ 



Except where noted all values in ug/litre (ppb) 



3$ 



+ 
27 



* Grab Samples 

- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ detected not quantitated 
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TABLE 13 



Polysar Limited. W Sewer 



May 2U, 1978 
8 a.m. 



May 25, 1978 
8 a.m. 8 p.m. 



May 26, 1978 
8 a.m. Noon 



Metl-iylene Chloride 


288 


Butadiene 


+ 


Butene 


* 


t-butanol 


+ 


Dl-isobutylene 


f^ 


Tri-isobutylene 


- 


Vinylcyclohexene 


- 


Benzene 


■:-*■. 


Toluene 


:W, 


C --alky I benzene 


^■ 


C,-alkyibenzene 


- 


C.-alkylbenzene 


- 



Diethylxylene 
Ethylstyrene 
C,-alkylbenzene 
Aliphatic Hydrocarbons 



U 



i3ii 



0.2 

t 

+ 

0.2 






4 

+• 



All Grab Samples 



All concentrations in ppb (ug/litre) 

+ trace (0.05 - 0.1 ppb) 

- not detected 
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TABLE l^t 



Polysar Limited. 66" Sewer - 1975 & 1977 



1975* 



April 18 ^ 



1977 
May 10 3uly 12 



Acetone 


NQ 


Methylene ctiloride 


---* 


Chloroform 


55 


Butadiene 


- 


Benzene 


* 


Xylenes 


nq' 


Trirnethylbenzene 


- 


Cumene 


NQ 


Diethylbenzene 


NQ 


Naphthalene 


■^ 


Methylnaphthalene 


- 


Vinyl Chloride 


30 


Carbon disulphide 


NQ 


TOC (mg Carbon/litre) 


NQ 



+ 






IS 

100 



23 



All values in ug/litre (ppb) 

+ trace (0.05 - 0.1 ppb) 

- not detected 

NQ detected not quantitated 

* Grab sample 

i) or ethylbenzene 



- 51 



Methylene chloride 

Chloroform 

Dichloroethane- 1 , 1 

Dichloroethane- 1 , 2 

Dichloro pro pane 

Dichloroethylene 

Butene 

Butadiene 

t-Butanol 

Di-isobutylene 

Vinylcyclohexene 

Benzene 

Xylene{s) or 
Ethylbenzene 

Trimethylbenzene or 
Ethyltoluene 

Diethylbenzene 

Acetophenone 

Hexamethylbenzene 

Di-lso propyl benzene 

Trimethyiethylbenzene 

Aliphatic Hydrocarbons 



TABLE 15 






Polysar Limited. 


66' 


' Sewer 




1978 








May 2k 




May 25 


May 26 


5 pm 




Noon if pm 8 pm 


8 am Noon 


m 




* 19 


m 


% 




i* 1^ ;5 


^ %■ 


_ 




m * ^ • 


* 



ii 


• 


3 


^ 


I 


r- 


k' 


:+ 


■+■ 


+ 


'«k 


«0 


- 


# 


,^ 


:+ 



#*^ 



+ 



+ 

+ 
+■ 



+.. 



+ 



All Grab Samples 
* detected under unresolved GC peak 

All concentrations in ug/litre (ppb) 
+ trace (0.05 - 0.1 ppb) - not detected 
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TABLE 16 



Polysar Limited 
Stereo API - 1975 and 1977 



1975^ 



April 18 ^ 



1977 
May 10 July 12 



Acetone 




NC^ 


-■ 


- 


ethanol 




kl ppm 


■^■ 


- 


Butadiene 




nq'^ 


NQ 


_.. 


Buten-3-yne 




NQ 


■^ 


- 


Benzene 




1^9 ppm 


■* 


+ 


Toluene 




12 ppm 


- 


■+ 


Xylene(s) 




5 ppm 


- 


+ 


Cumene 




NQ 


+ 


- 


Trimethylbenzene(s) 


■-' 


+ 


- 


Diethylbenzene 


(s) 


- 


* 


- 


Styrene 




NQ 


+: 


+ 


Methylstyrene 




' ■ \ 


+ ■■ 


- 


Naphthalene 




nq'^^ 


- 


- 


Methyinaphthal 


ene 


Ni> 


- 


- 


Vinyl Chloride 




^m 


- 


^ 


TOC (mg Carbon/litre) 


NQ 


NQ 


90 



41 



n 



Except where noted, all figures in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ detected not quantitated 

* Grab sample 



i) estimated as 10 - 100 ppb 
ii ) or divinyl benzene 
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TABLE 17 

Polysar Limited 
Stereo API- 1978 



Date and Time 



Benzene (ppm) 



October 
October 
October 
October 
October 
October 
October 
October 
October 
October 
Octo ber 
Octboer 
October 
October 



18, Noon 
18, Noon* 
18, 3 p.m. 
18, if p.m.* 
18, 6 p.m. 
18, 8:20 p.m.* 
18, 9 p.m. 
18, Midnight* 

18, Midnight 

19, 2 a.m. 

19, i^iZO a.m.* 
19, 6 a.m. 
19, 8 a.m. 
19, 9 a.m. 



m 
m 

m 
m 
m 



Note ; samples marked * are grab; others 
were sampled automatically 



Quantitation was by Direct Aqueous Injection. Butadiene was present 

in all samples; butene and methylene chloride 

were detected in grab samples. 



-5*^- 



TABLE 18 



Polysar Limited 
72" Sewer - 1975 and 1977 



1975* 



1977 
April 18 * May 31 



Methylene chloride 

Trichloroethylene 

i-Propanol 

t-Butanol 

Butane- 1, 't-diol 

Butadiene 

Chloropropene 

Vinyl chloride 

TOC (mg Carbon/litre) 



't ppm 
7ppm 



NQ 

NQ 



NQ 



NQ 
NQ 



NQ 



124 
NQ 



Except where noted, values in ug/litre (ppb) 



- not detected 

NQ detected not quantitated 

* Grab sample 
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TABLE 19 



Oow Clieinical C'anada Limited 
if2" Sewer - 1975 and 1977 



Methylene chloride 

Carbon tetrachloride 

Chloroethane 

Dichloroethane 

Trichloroethane 

Tetrachloroethane 

Hexachloroethane 

Dichloroethylene 

Trichloroethylene 

Tetrachloroethylene 

Dichloro pro pane 

Hexachloro butadiene 

Benzene 

Xylene(s) 

Diethylbenzene(s) 

Vinyl Chloride 

TOG (mg Carbon/litre) 



1975* 



NQ 

no 

NQ 
NQ 

NQ 
NQ 
NQ 
102 

NQ 
NQ 

NQ 
NQ'* 

1 



1977 



April 18* 


May 10 


+ 


+ 


+ 


- 


+ 


+ 


- 


* 


+ 


w 



+ 

NQ 



NQ 
NQ 



# 



All values in ug/litre (ppb) 



- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ detected not quantitated 

* Grab sample 
i) estimated as 10 - 100 ppb 
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TABLE 20 



Dow Chemical Catnada Limited 
ifS" Sewer - 1975 and 1977 



1975* 



1977 



April 18 ^ 



May 10 



Methylene chloride 

Chloroform 

Carbon tetrachloride 

Dichloroethane 

Trichloroethyiene 

Tetrachloroethylene 

Dichloro pro pane 

Benzene 

Xylene 

Styrene 

TOC (tng Carbon/litre) 



20 

NQ 



i) 



NQ 



NQ 



+ 
+ 
+ 
* 



+ 
NQ 



13 
9 

1 



All values in ug/Utre (ppb) 



- not detected 

+ trace {0.05 - 0.1 ppb) 

NQ detected not quantitated 

* Grab sample 
i) estimated as 10 - 100 ppb 
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TABLE 21 



Dow Chemical Canada Limited 
Acid Tile - 1975 and 1977 



1975* 



1977 



April 18 ^ 



May 10 



Chloroform 

Carbon tetrachloride 

Dichloroethane 

Trichloroethylene 

Tetrachloroethylene 

Dichloro pro pane 

Hexachloro butadiene 

liischloroiso propyl ether 

Xylene 

Styrene 

Diethylbenzene(s) 

TOC (mg Carbon/litre) 



I* 



NQ 



i) 



* 



NQ 



NQ 
NQ 

+ 
+ 

14 



All values in ug/litre (ppb) 



- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ detected not quantitated 

* Grab sample 
i) estimated as 10 - 100 ppb 
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TABLE 22 



Dow Chemical Canada Limited 
51^" Sluice - 1975 and 1977 



1975* 



April W 



1977 
May 10 June 21 * 



Methylene chloride 


-■ 


Chloroform 


912 


Dichlorobromomethane 


150 


Oibromochloromethane 


66 


Carbon tetrachloride 


1390 


Oichloroethane 


nq'^ 


Dichloroethylene 


- \ 


Tetrachloroethylene 


nq'* 


Dichloro propane 


- 


Bischloroisopropyl ether 


«>-- 


Benzene 


- 


Xylene(s) 


r: 


Styrene 


- 


Diethylbenzene(s) 


- 


Dichloro ben zene(s) 


W 


Vinyl chloride 


k 


TOC (mg Carbon/litre) 


NQ 



11 



+ 

+ 

NQ 



NQ 






5 
33 

M 

6 

M 

NQ 



NQ 



18 



All values in ug/litre (ppb) 



- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ detected not quant itated 

M ppm level 

* Grab sample 

i) estimated as 10 - 100 ppb 
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TABLE 23 



Dow Chemical Canada Limited 
Second Street Sewer - 1975 and 1977 



1975* 



1977 



April 18 * 



May IQ 



Chloroform 

Dichlorobromomethane 

Carbon tetrachloride 

Dichloroethane 

Tetrachloroethane 

Tetrachloroethylene 

Dichloro pro pane 

Tetrachloro pro pane 

Dichlorobutane 

Hexachloro butadiene 

Bischloroiso propyl ether 

Benzene 

TOC (mg Carbon/litre) 



m 



NQ 
NQ 
NQ 
NQ 

NQ 



i) 






im 



NQ 



NQ 



I 



All values in ug/litre (ppb) 



- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ detected not quantitated 

* Grab sample 
i) estimated as 10 - 100 ppb 
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TABLE 2tt 



Dow Chemical Canada Limited 










Third Street Sewer - 


1975 and 


1 1977 




1975* 






1977 








April 


May 


May 


June 


3une 


July 




li 


m 


31 


3 


21 


12 


Methylene chloride 


^ 


* 


i. 


_ 


72 


13 


Chloroform - 


*- 


5 


- 


- 


- 


- 


Carbon tetrachloride 1378 


+ 


t 


^ 


6 


+ 


+ 


Dichloroethane 


- 


33 


- 


- 


- 


•f. 


Dichloropropane 


+ 


+ 


- 


- 


- 


+ 


'<^-vinylcyclohexene 


- 


- 


■^ 


- 


NQ 


NQ 


Cyclopentadiene (or dimer) 


NQ 


- 


- 


- 


- 




Benzene 30 ppm 


+ 


+ 


13 


- 


9W 


10 


Toluene 25 ppm 


+ 


6 


5 


1 


2^*5 


12 


Xylenes 25 ppm 


+ 


2 


- 


6 


l^tOO 


It 


Cumene - 


* 


^ 


- 


ft 


- 


- 


Styrene 200 ppm 


+ 


- 


36 


- 


1320 


46 


iVlethylstyrene 


NQ 


- 


- 


- 


- 


- 


Trimethylbenzenes 


- 


1 


7 


- 


3 


5 


Diethylbenzenes 6 ppm 


- 


18 


12 


9 


- 


4 


Triethylbenzenes 


■r- 


- 


NQ 


I 


- 


NQ 


Diphenyl ether Nq' 


NQ 


- 


- 


- 


- 


:■=.- 


Naphthalene 


+ 


1 


1 


- 


6;* 


+ 


Methylnaphthalene 


- 


- 


11 


- 


195 


8 


Dimethylnaphthalene 


- 


- 


- 


- 


- 


NQ 


Trimethylnaphthalene 


- 


- 


- 


- 


- 


NQ 


Dimethyltetrahydronaphthalene 


- 


ft*Q 


- 


Jm- 


- 


- 


Methylindane 


- 


-• 


+ 


» 


- 


12 


Vinyl chloride 13 


- 


- 


- 


~ 


- 


- 


TOC (mg Carbon/litre) NQ 


NQ 


14 


If. 5 


NQ 


15.5 


10.5 



Except where stated, all values ug/litre (ppb) 

* Grab sample 

- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ detected, not quantitated 

i) estimated as 10 - 100 ppb 
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TABLE 25 



Dow Chemical Canada Limited 
Third Street Sewer - 1978 







May 


25 






May 


26 




8 am 


Noon 


i* pm 


8 pm 


8 am 




Noon 


Methylene chloride 


1 


26 


k 


m 


m 




n 


Chloroform 


■f 


3-^ 


4 


i 


1 




i 


Carlwn tetrachloride 


250 


53 


100 


e 


# 




m 


Trichloroethylene 


-* 


7 


- 


* 


* 




^. 


Tetrachloroethylene 


tt 


30 


10 


I 


1 




f 


1,1-dichloroethane 


5 


i 


t 


i: 


- 




+ 


1 ,2-dichloroethane 


+* 


7* 


+* 


I 


f 




& 


1 ,2-dichloro pro pane 


8 


« 


^ 


QJf 


i 




I 


butadiene 


♦ 


+■ 


— ■ 


.:- 


m- 




« 


Toluene 


■■•■ 


i.— !■. 


m 


'^' 


4 




.,■*-■ 



All Grab Samples 

♦ Estimate Peak not fully resolved from carbon tetrachloride 
but identified by Mass Spectrometry 

All concentrations in ug/litre (ppb) 



- not detected 
+ trace (0.05 - 0.1 ppb) 



62 



TABLE 26 



Dow Chemical Canada Limited 
Third Street Sewer - 197S 



Benzene 

Toluene 

£thylbenzene 

Styrene 

C^alkylbenzene 

C^^alkylbenzene* 





October 


18 




12:00 


16:00 




20:50 


93 


100 




1920 


m 


m 




950 


260 


no 




9fO 


500 


60 




- 


300 


- 




- 


liQ 


13 




110 




Grab Samples 



00:00 



October 19 



0S:O0 



1500 


2900 


610 


300 


950 


90 


300 


1300 


lif20 


200 


250 


2100 


500 


13 


170 


2500 


W 


60 



Note: Oil sludges and aromatics were discharged as a result of an 

incident in the Styrene-ethylbenzene plant at 9 p.m., 

October 18, 1978. Quantitation by 

direct aqueous injection 

All concentrations in ppb (ug/litre) 



* probably diethylbenzene 
- not detected 
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TABLE 27 



Dow Chemical Canada Limited 
DOEO - 1975 and 1977 



Methylene chloride 


^:- 


Chloroform 


5 


Carbon tetrachloride 


is: 


Dichloroethane 


NQ^ 


Dichloropropane 


,_, 


Vinyl chloride 


- 


Trichloroethylene 


■w.. 


t-Butanol 


3 ppm 


Toe (mg Carbon/litre) 


m 



1975* May 31, 1977 



Except as noted, all values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ detected, not quantitated 

* Grab sample 

'^ estimated as 10 - 100 ppb 



1^7 
I 

t 
+ 

+ 
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TABLE 28 



Dow Chemical Canada Limited 
Fourth Street Sewer - 1975 and 1977 



1975* 



1977 
April 18 * May 10 



Carbon tetrachloride 

Dichloroethane 

Dichloro pro pane 

Tetrachloroethylene 

liischloroiso propyl ether 

Benzene 

Xylene(s) 

Styrene 

Methylstyrene 

Diethylbenzene 

Oimethyldiethylbenzene 

Diphenyl ether 

TOC (mg Carbon/litre) 



100 



NQ 



i) 



NQ 



i) 



NQ 
NQ 
NQ 



* 

+ 



All values in ug/litre (ppb) 



- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ detected not quantitated 

* Grab sample 
i) estimated as 10 - 100 ppb 
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TABLE 29 



Dow Chemical Canada Limited 
Steam Plant - 1975 and 1977 



1975^ 



Methylene chloride 

Carbon tetrachloride 

Dichloroethane 

Tetrachloroethylene 

Dichloropropane 

t-butanol 

TOC (mg Carbon/litre) 



NQ 
NQ 



16 
i) 



i) 



3 ppm 

NQ 



May IQ, 1977 



Except as noted all values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ detected not quantitated 

i) estimated as 10 - 100 ppt 
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TABLE 30 



Sunoco Incorporated 
Total Discharge - 1973 and 1977 



1975 (Grab) 



May 10, 1977 



Methylene Chloride 

Chloroform 

Carbon tetrachloride 

Dichloroethane 

Tetrachloroethylene 

Bischloroisopropyl ether 

TOG (mg Garbon/litre) 



+ 
♦ 

« 
7 






All values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

* trace; detected at similar level in intake water 
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TABLE 31 



Shell Canada Limited 
Clean (used coolinfi) Water - 197J and 1977 



1975 (Grab) 



May 10, 1977 



Carbon tetrachloride 

Tetrachloroethylene 

Dichloro pro pane 

Benzene 

TOC (mg Carbon/litre) 



m 



All values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

* trace; detected in intake water at similar level 

Note ; 1975 analyses on an in-plant sample identified, 
but did not quantitate, the following compounds: 



dichloroe thane 

trichloroethylene 

tetrachloroethylene 

vinyl chloride 
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TABLE 32 



Shell Canada Limited 
Contaminated Water - 1975 and 1977 



1975 (Grab) 



May 31, 1977 



Methylene chloride 

Chloroform 

Carbon tetrachloride 

Dichloroethaiie 

Trichloroethaiie 

Trichloroethyiene 

Uichloropropane 

Vinyl chloride 

Benzene 

Toluene 

TOC (mg Carbon/litre) 



II 



II 



NQ: 



12 
OA 

+ 
2 
-f 
+ 
* 



0.1 
7 



All values in ug/litre (ppb) 

- not detected 
+ trace {0.05 - 0.1 ppb) 



* trace: detected in intake water at similar level 
NQ detected, not quantitated 
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TABLE 33 



Ethyl Corporation of Canada Limited 
Total Discharge - 197J and 1977 

1975 * 1977 

May 10 May 31 June 21* July 12^ 



Methylene chloride 


■^ 


Chloroform 


NQ 


Carbon tetrachloride 


- 


Dibromomethane 


NQ 


Chloroethane 


- 


1 ,2-Dichloroethane 


NQ 


Trichloroethane 


NQ 


1 ,2-Dibromoethane 


- 


Dichloroethylene 


NQ 


Dichloropropane 


NQ 


Trichloro pro pane 


NQ 


Trichloro butane 


- 


Dichiorobutene 


- 


Vinyl chloride 


NQ 


Vinyl bromide 


NQ 


Toluene 


NQ 


Xylenes 


NQ 


Naphthalene 


NQ 


Methylnaphthalene 


NQ 


TOC (mg Carbon/litre) 


NQ 



m 


- 


« 


m 


6000 


3201 


m 


- 


" 


m 


5 


M 


-! 


U 


B 


J: 


2 


I 


* 


~ 


.•, 


1000 


- 


■-- 


M. 


^ 


^' 



10 



All values in ug/litre (ppb) 

- not detected 

+ trace {0.0^ - 0.1 ppb) 

NQ detected not quantitated 

M ppm level 

* Grab sample 

Note ; The 1975 Study identified, but did not quantitate, the following 
compounds in an in-plant sample: 

Dichloroethane, bromochloroethane, tribromoethane, toluene, 

propyl toluene, naphthalene, methyl naphthalene 

and 6-methyl-l,2-dihydronaphthalene 
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TABLE iit 



DuPont Canada Incorporated 
Total Disharge - 1977 





May 


May 


July 


August 




m 


31 


12 


m 


Methylene chloride 


7 


5 


m 


m 


Chloroform 


■«: 


* 


*■ 


+ 


1,2-dichloroethane 


163 


18 


1% 


# 


Tetrachloroethane 


*P-: 


*r"- 


p 


i 


Tetrachloroethylene 


-■ 


I 


-. 


1 


Dichloropropane 


T 


OA 


0.2 


&.3 


Benzene 


-— I 


* 


■-»: 


" 


Toluene 


0.3 


- 


- 


— 


TOG {mg Carbon/litre) 


5 


1 


1 


8 



All concentrations in ug/litre (ppb) 



- not detected 
+ trace (0.05 - 0.1 ppb) 
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TABLE 35 



Allied Chemical Canada Limited 
Total Discharge - 1975 and 1977 



1975 



1977 



May 

m 



May 



June 
21 



Chloroform 

Carbon tetrachloride 

1 ,2-dichloroethane 

Trichloroethane 

Tetrachloroethylene 

Dichloro pro pane 

Benzene 

Toluene 

Xylene 

Dichloro benzenes 

Trichloro benzenes 

Diethylbenzene 

Naphthalene 

Methylnaphthalene 

Carbon disulphide 

Dimethyl disulphide 

TOC (mg carbon/litre) 



ii^ 



NQ 



* 



m 



66 



* 


3/ 


^ 


* 


■'•^ 


u 


■*T 


NQ 


- 


f 


* 


- 


■|-*t 


1 


« 


:if 


0.2 


- 


m 


138 


26 


m. 


m 


+ 



50 



0.5 



All concentrations in ug/litre (ppb) 



+ trace (0.05 - 0.1 ppb) 

- not detected 

NQ detected, not quantitated 
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TABLE 36 



Beker Industries of Canada Limited 
Total Discharge - 1977 



CoolioK Water 
May 10 



API Sewer 
May 10 



iviethylene chloride 

1,2-dichioroethane 

Dibromomethane 

Dichloropropane 

Xylenes 

Dichlorobenzene 

Naphthalene 

Methylnaphthalene 

TOC (mg carbon/litre) 






w 






9 

2H- 

NQ 

290 



All concentrations in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ not quantitated 
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TABLE 37 



Canadian Industries Limited 
Total Discharge - 1975 and 1977 



Methylene chloride 
Chloroform 
Benzene 
Vinyl chloride 

TOC (mg Carbon/litre) 



1975 


May 10, 1977 


Grab) 




^: 


■f 


:^ 


+ 


- 


+ 


NQ 


-' 


NQ 


f 



- not detected 

+ trace (0.05 - 0.1 ppb) 

* trace: detected in intake water at 

similar level 

NQ detected, not quant itated 



Note : Analysis of 1975 in-plant samples identified, but did not 

quantitate, the following compounds: 

chloroform, chloroethane, dichloropropane, vinyl chloride, 

formaldehyde, N-(3,Vdichlorophenyl)-N,N diethyl urea, benzene 
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TABLE 38 



Point Edward Sewage Treatment Plant 



Final Effluent 
June 21, 1977 



Chloroform 9 

Benzene 2 

Toluene 2 

Xylenes 1A 

Trimethylbenzenes M 

Styrene M 

Cumene M 

Treatment Capacity 2,590 

(m /day) 

Annual BOD^ ^^0,800 

loading (kg) 

Grab Sample 

M ppm level 

All other values in ug/litre (ppb) 






I 



^•. ^-i 
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TABLE 39 



Sarnia Sewape Treatment Plant 
June 21, 1977 



Raw Sewage 



Final Effluent 



Methylene chloride 

Chloroform 

1,2-dichloroethane 

Trichloroethylene 

Tetrachloroethylene 

Uichloro benzenes 

Aliphatic hydrocarbons 






3 
I 

1 



Treatment Capacity 
(m^/day) 



65,900 



Annual DOD5 

loading (kg) 



550,000 



Grab Samples 



All values in ug/litre (ppb) 



- not detected 
+ trace (0.05 - 0.1 ppb) 
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TABLE ^0 



Corunna Sewage Treatment Plant 



Final Effluent 
3une 21, 1977 



Methylene Chloride t 

Chloroform 2 

Tetrachloroethylene QmH 

Treatment capacity 1450 

(m /day) 

Annual BOD^ WOO 

loading (kg) 

Grab Sample 

All values in ug/litre (ppb) 
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TABLE ifl 



Lambton Water Supply System 
Finished Water 



May 10, 1977 



June 21, 1977 



Methylene chloride 

Chloroform 

Dichlorobromomethane 

1 ,2-dichloroethane 

Benzene 

Toluene 

Xylenes 



I 

S 



It 

I 

0.2 
I 



8-hour composite samples 



All figures in ug/litre (ppb) 



- not detected 
+ trace (0.05 - 0.1 ppb) 



7S - 



TABLE 42 



Lambton Water Supply System 

Raw and Treated Water 

1980 



February 15 
Raw Treated 



February 16 
Raw Treated 



ivlethylene chloride 


k.7 


2.0" 


1.1 


o.y* 


Chloroform 


0A5 


H3Q 


0.57 


fja 


Bromodichloromethane 


— - 


SAO 


0.31 


10.2 


Chlorodibromoinethane 


0.12 


^M 


1.10 


k.7i 


Bromoform 


— 


^ 


0.16 


0.27 


Trichloroethylene 


— ■ 


0.01 


^ 


0.01 


1,1, l-Trichloroethane 


■^ 


0.02 


— 


*^*- 


Tetrachloroethylene 


— 


0.01 


0.01 


— 


Benzene 


2.22 


0.90 


0.65 


0.65 


Toluene 


0.22 


O.U 


0.15 


0.16 


Ethylbenzene 


^- 


.— -ipi.. 


0.01 


■i.M 



Note ; Except where noted quantitation was by MS response: 
see Analytical Procedure, page 31 



i) 



Approximate: quantitated by FID response 
All values in ug/litre (ppb) 
- not detected 
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Table tt2 Cont'd 

Lambton Water Supply System 

Raw and Treated Water 

1980 





Feb 


>ruary 17 


Febi 


ruary 18 




Raw 


Treated 


Raw 


Treated 


Methylene Chloride 


i« 


1'^ 


3^> 


i" 


Chloroform 


0.76 


8.15 


0.23 


10.4 


Bromodichloromethane 


0*51 


26.1 


0.22 


3.40 


Chlorodibromomethane 


aj€ 


6.00 


0.08 


3.60 


Qromoform 


^: 


0.50 


— 


■'^a^-. 


Trichloroethylene 


^: 


~ 


~ 


-* 


1,1, i-TrJchloroethane 


— 


~ 


~ 


-* 


Tetrachloroethylene 


^^ 


— 


~ 


«**» 


Benzene 


3.30 


0.5^ 


0.32 


1.20 


Toluene 


O.IS 


0.27 


0.09 


0.10 


£thylbenzene 


— - 


— 





-— * 



Note : Except where noted quantitation was by MS response: 
see Analytical Procedure, page 31 



i) 



Approximate: quantitated by FID response 
All values in ug/litre (ppb) 
- not detected 
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TABLE 1*3 


River Water 


Blue Water Bridge 


1977 

April 
IS 



May 
31 



June 
M 



July 
12 



Methylene chloride 

Chloroform 

Benzene 

Toluene 

Xylene (s) 

Trimethylbenzenes 

Cumene 






0.1 



* 
*. 



ij 



All values in ug/litre (ppb) 



- not detected 
+ trace (0.05 - 0.1 ppb) 
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TABLE 1*1* 



Imperial Oil Limited 
Intake Water - 1975 and 1977 



1975 1977 



Octadecanol NQ 

Decanol NQ 



- not detected 
NQ detected not quantitated 
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TABLE 45 



Polysar Limited 
Intake Water - 1975^ 1977 and 197S 



1977 





1975* 


April 18* 


May 10 


3une 21 


1978' 


Methylene chloride 


- 


- 


10 


17 


'^ 


Trichloroethylene 


^- 


- 


- 


+ 




Vinyl chloride 


I 


- 


- 


' 




Benzene 


- 


+ 


~ 






Xylenes 


- 


+ 


+ 


" 




TOC (mg Carbon/litre) 


- 


- 


6 


5 





i) 



All values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

* Grab sample 



i) Composite of samples collected automatically at 1 p.m. and 6 p.m. 

was found to be clean. Some result was obtained 

witti a replicate sample. 
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TABLE 't6 



Dow Chemical Canada Limited 
North Intake - 1975, 1977 and 1978 



Methylene chloride 

Chloroform 

Dichlorobromomethane 

Carbon tetrachloride 

1 ,2-Dichloroethane 

Dichloropropane 

Tetrachloroethylene 

t-Butanol 

benzene 

Toluene 

Xylene(s) 

Ethyl benzene(s) 

Diethylbenzene(s) '^^.... 

Dimethyldiethylbenzene{s) NQ 

TOC (mg Carbon/litre) NQ 



1975 


1977'^ 


197S"^ 


,^ 


9 


% 


1 


1 


% 


* 


- 


1 


12 


- 


I 


nq'^"'^ 


21 


:*■ 


- 


f 


...■ 


NQ*''^ 


0.3 


"• 


3 ppm 


.«.. 


" 


- 


- 


% 


--, 


■- 


V> 


■— 


'^^- 


* 




,^, 


-« 



Except where noted, all values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - O.l ppb) 

NQ detected not quantitated 

i) May 10, 1977 

ii) composite of samples collected automatically at 
6 p.m., Oct. 18 and 7 a.m., Oct. 19, 1978 

iii) estimated as 10 - 100 ppb 



I 



%i^- 



TABLE 1*7 



[>ow Chemical Canada Limited 
South Intake - 1975 



Carbon tetrachloride 67 

Dichlo roe thane NQ 

Tetrachloroethylene NQ 

Xylenes NQ 



Value in ug/iitre (ppb) 
NQ detected, not quantitated but estimated as 10 - 100 ppb. 
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TABLE ifS 



River Water 



Dow Chemical Canada Limited/ 
Sunoco Incorporated: Fence Line 



1977 



Chloroform 

1,2-dichloroethane 

Tetrachloroethane 

Tetrachloroethylene 

Dichloropropane 

Uichlorobromomethane 

Carbon tetrachloride 

Trimethyibenzenes 

t-butanol 



May 


May 


3une 


3uly 


10 


31 


21 


12 




+ 




i 


t 


:— 


- 


X3- 


._ 


- 


i^l 


rr 


* 


- 


1 


^ 


'* 


;- 


- 


4* 


* 


-* 


- 


- 


rr 


f 


- 


!r» 


" 


-■ 


*f 


- 


_ 


^ 


■* 


•*•: 



All Grab Samples 
All values in ug/litre (ppb) 



- not detected 
+ trace {0.05 - 0.1 ppb) 



S6 



TABLE 1>9 



Sunoco Incorporated 
Intake Water - 1975 and 1977 



1975 * May 10. 1977 

Chloroform - + 

Carbon tetrachloride - + 

1,2-dichloroethane - + 

Tetrachioroethylene - * 

Bischloroisopropyl ether - + 

TOC (mg Carbon/litre) - 6 



All values in ug/litre (ppb) 

- not detected 

+ trace (0.05-0.1 ppb) 

* Grab sample 
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TABLE 50 



River Water 



Sunoco Incorporated - below dock 



May 26, 1978 



Methylene chloride j 

Chloroform | 

Carbon tetrachloride (not resolved) NQ 

Tetrachloroethylene g 

1,2-dichloroethane 3* 

Dichloropropane I 



Grab Sample 
Estimate, peak not resolved from carbon tetrachloride 
All values in ug/litre (ppb) 
NQ detected not quantitated 
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TABLE 51 



Shell Canada Limited 
Intake Water - 1975 and 1977 



1975* 



May 10. 1977 



Methylene chloride 

Chloroform 

Carbon tetrachloride 

1 ,2-dichloroethane 

Bromochloroethane 

Tetrachloroethane 

Dichloropropane 

Tetrachloroethylene 

5-n-butyl-'f-nonene 

hydrocarbons 

Benzene 

Vinyl chloride 

TOG (mg Carbon/litre) 



- 


NQ 


- 


91 


_ 


NQ 


*- 


NQ 


- 


NQ 


NO 


NQ 


NQ 


- 


w 


NQ 


NQ 


NQ 



* 



All values in ug/litre (ppb) 



- not detected 

+ trace (0.05 - 0.1 ppb) 

NQ detected not quantitated 

* Grab samples taken on two days 
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TABLE 52 



River Water 
Talford Creek 



May 26, 1978 



Methylene chloride 

Chloroform 

Carbon tetrachloride* 

Tetrachloroethylene 

1,1-dichloroethane 

1 ,2-dichloroethane * 

Dichlorobromomethane 

Benzene* 



5 
f 

NQ 
2 

NQ 

NQ 



Grab Samples 
All figures in ug/litre (ppb) 



NQ detected not quantitated 
* un-resolved GC peaks 
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TABLE 53 



Allied Chemical Canada Limited 
Intake Water - 1975 and 1977 



1975 * May 10. 1977 

Carbon tetrachloride 19 

1 , 2-dichloroethane - + 

TOC (mg Carbon/litre) - * 



All values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

* Grab sample 
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TABLE 5k 



Private Water Supplies - 1977 
St. Clair Parl<way 





No. 


1684 




No. 1785 






May 10 


3uly 12 


May 10 


June 21 


3u!y 12 


Methylene chloride 


15 


~ 


# 


- 


* 


Chloroform 


1 


-m 


i 


■^ 


- 


Carbon tetrachloride 


- 


- 


■*. 


3 


- 


1 ,2-dichloroethane 


7 


m 


^ 


% 


t 


Tetrachloroethylene 


1 


13 


J' 


I 


I 


Oichloro pro pane 


I 


1 


^: 


-■ 


1 


Dichlorobenzenes 


0.3 


I 


- 


I 


0.3 


Benzene 


0.2 


,» 


- 


*. 


■■— ■■ 


Xylenes 


I 


•:^ 


0.2 


:.,. 


+ 



All values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

All grab samples 



Note : Since 1979 No. 168^* has obtained drinking water 
from the Lambton Water Supply System. 
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TABLE 55 



Beker Industries of Canada Limited 
Intake Water - 1975 and 1977 



1975^ 



May 10, 1977 



Methylene chloride 
Dichloro bro momethane 
1,2-dichloroethane 
Tetrachloroethylene 
Dichloro benzenes 
TOC (mg Carbon/litre) 



50 
+ 
9 
I 

3 



All values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

* Grab sample 



^: 
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TABLE 56 



Canadian Industries Limited 
Intake Water - 1975 and 1977 



1975 * May 10, 1977 

Metiiylene chloride - 3 

1,2-dichloroethane - S 

Vinyl chloride NQ 

TOC (mg Carbon/litre) - 3 



All values in ug/litre (ppb) 



- not detected 

NQ detected not quantitated: estimated 
at trace ( 10 ppb) levels 

* Grab sample 
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TABLE yj 



Kiver Water 
Sombra Ferry Dock 



1977 



May 31 lune 21 July 12 



Methylene chloride 

Chloroform 

Dichlorobromomethane 

Carbon tetrachloride 

1 ,2-dichloroethane 

Trichloroethylene 

Tetrachloroethylene 



+ 

+ 



0.2 



% 

I 
2 



All Grab Samples 
All values in ug/litre (ppb) 

- not detected 
+ trace (0.05 -0.1 ppb) 



_ii 



95- 



TABLE 58 



Fish Caufiht Below Imperial Oil Limited 



Trimethyl-Diethyl- 
Benzene Toluene Xylenes benzene benzene Acetone Aliphatics 



Walleye 


8- 




-*■ 






NQ 


^ 


Walleye 


13 


* 


Mi 


3 


19 


NQ 


NQ 


Walleye 


13 


15 


10 


5 


- 


-r 


NQ 


Walleye 


80 


280 


330 


220 


50 


>1^ 


m 


Walleye 


■*, 


15 


15 


9 


* 


NQ 


NQ 


Walleye 


* 


» 


* 


» 


* 


mi 


NQ 


Walleye 


* 


« 


» 


* 


* 


^ 


NQ 


Walleye 


w 


« 


.# 


* 


* 


NQ 


NQ 


Walleye 


tiS 


27 


21 


12 


7 


- 


NQ 


Splake 


no 


140 


60 


« 


« 


NQ 


NQ 



* present but not quantitated because of hydrocarbon interferences 



Concentrations ug/kg (ppb) 



Detection limit 0.5 ug/kg 



NQ detected, not quantitated 
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TABLE 59 



Fish Caught Near Stag Island 



Trimethyl- 
Benzene Toluene Xylenes benzene Styrene AcetoneAliphatics 



Walleye 


5 


is 


16 


+: 




. 


. 


Walleye 


1^ 


* 


4( 


»■ 


* 


NQ 


NQ 


Walleye 


n 


H 


+ 


«■ 


- 


- 


NQ 


Walleye 


53 


- 


« 


« 


« 


- 


NQ 


Walleye 


t 


12 


+ 


M 


« 


NQ 


NQ 


Walleye 


*■ 


« 


200 


120 


- 


NQ 


NQ 


Walleye 


7 


69 


15 


IS 


15 


NQ 


NQ 


Splake 


23 


21 


20 


- 


27 


NQ 


NQ 


Splake 


22 


98 


17 


- 


- 


~ 


- 


Splake 


290 


130 


102 


51 


100 


NQ 


NQ 


Splake 


12 


7 


- 


- 


15 


NQ 


- 



* present but not quantitated because of hydrocarbon interferences 



Concentrations ug/kg (ppb) 



Detection limit 0.5 ug/kg 



NQ detected, not quantitated 
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TABLE 60 



Variation of Organics with Species 

Fish Caught at Lambton Power 

Station Outfall 



Emerald Black Pumpkin 

Shiner Crappie Bluegill seed Walleye 



Chloroform 

Carbon tetrachloride 

Benzene 

Toluene 

Xylene 

Styrene 

Cumene 

Trimethylbenzenes 

Diethylbenzenes 

Naphthalene 



+ 
+ 

■■■+■ 

+ 






+ 
+ 

■+ 



* 



+ 

+ 

*■ 



No quantitation was possible at the time of analysis 



+ indicated compound was present 
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TABLE 61 

Solvent Extractable Data 
Sediments - 1975 

Solvent Extractable 
Site (tna/kfi dry weight) 

Sarnia Bay 526 

Above Polysar 12,153 

Downstream of Polysar //I Effluent 2,854 

Downstream of Polysar #2 Effluent 3,900 

Downstream of Polysar #3 Effluent 1,238 

Opposite flame tower of Polysar 2 , 559 

Downstream of Polysar Final Effluent 7,185 

Downstream of Dow //I Effluent '^,26't 

Downstream of Dow //2 Effluent 1 ,035 

Downstream of Dow //3 Effluent 't,26't 

Downstream of Dow Pumphouse 3,300 

Downstream of Dow Property 2'tO 

Downstream of Shell Dock '*37 

Mouth of Talf ord Creek 1 , 530 

Downstream of DuPont 'J, 010 

Downstream of Petrosar Effluent 840 

8th Line Drain Control 1,011 

Downstream of 8th Line Drain 317 

Downstream of Union Carbide Effluent 1,388 

Downstream of Allied Chemical 5,206 

Downstream of Chinook Chemical 2,738 

Downstream of Canadian Industries 211 

Downstream of Beker Industries 591 

Downstream of Baby Creek 364 
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TABLE 62 



Volatile Organics Identified in Some 
St. Clair Sediments - 1975 



Site 



Compounds Identified 



Downstream of Polysar //I Effluent 



Dichloro benzene 



Downstream of Polysar //2 Effluent 



Tetrachlorobutadiene , 
Dimethylnaphthalene 



Downstream of Dow //I Effluent 



Hexachloroethane, 

tetrachloroethylene, pentachloro- 

butadiene, hexachlorobutadiene, 

dichloro benzene, trichlorobenzene 



Downstream of Dow //3 Effluent 



Tetrachloroethylene 
hexachlorobutadiene, diethyl- 
benzene, bromochlorobenzene 



Downstream of Dow Pumphouse* 



Chloroform, carbon tetrachloride, 

hexachloroethane, trichloroethylene, 

tetrachloroethylene, hexachlorobutadiene 



Downstream of DuPont 



Alkanes 



Downstream of Union Carbide 



None 



Downstream of Allied Chemical 



None 



Downstream of Chinook Chemical 



Alkanes 



* Approximate quantitation yielded the following values (mg/kg wet weight, ppm): 



Carbon tetrachloride (200) 

trichloroethylene (100) 
tetrachloroethylene (WO) 
hexachlorobutadiene (50) 



Site // * 

1 

3 
5 

$ 
7 
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TABLE 63 



PCB's in River Station Sediments 



PCB cone PCBconc 

(ppfa) Site // (ERb) 

37 ^ 

38 90 

39 125 

17 HO 38 

10 'fZ 1?* 



10 112 

n 






13 2if 



4 it6 ^ 

(f7 1^9 



its *1 

22 50 19S 



It 21 51 

If 2# 52 

20 



22 605 



75 53 «i 

55 122 

76 56 556 



3370 58 n 



m 135 59 

27 



9§ 60 2* 

137 61 135 

252 62 1** 



2t 

m 
n 

33 9 65 



275 63 19 

53 e^t 89 



34 6^6 



:35 

ISr 1080 



66 106 



17 68 3it 



69 ^^6 



♦ for location see Figure 6, page 22 
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TABLE 6H 



PCB's in Industrial Station Sediments 



Site // * 

I 

I 

a 

I 

I 

$ 

10 

11 

12, 13 

l^f 

15 
16, 17 

18 

19 

20 



PCB cone 
(ppb) 



2't 



19 

285 

186 
12 
11 

10000 
2280 
368 
80 



Site // 

n 

M 

m 

W 

m 
it 

30 

$1 





m 

m 
M 



PCB cone 
(ppb) 

3't8 
395 
130 
270 
320 
68 

lot 



2f 

20 

152 

167 

72 

72 



* for location see Figure 7, page 22 
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TABLE 65 



Wallaceburg STP 

1977 
Raw Sewage 



Final Effluent 



May June June 
31 12 21 



May June June July 
31 12 21 12 



Methylene chloride 

Chloroform 

1 ,2-dichloroethane 

Tr ichloroe thylene 

Tetrachloroethylene 

Chloroe thane 

Dichloropropane 

Benzene 

Dichlorobenzenes 

Toluene 

Xylenes 

Trimethylbenzenes 

Methylnaphthalene 

Aliphatic hydrocarbons 



+ 
+ 



0.1 



? 


-" 


— 


— 


15 


12 


10 


5 


J: 


1 


t 


1 


^ 


-* 


^ 


2 



1 

I 

+ 



3 

+ 

2 

3 

Q.3 



0,3 
1 

+■ 



Grab Samples 

all values in ug/litre (ppb) 

- not detected 

+ trace {0.Q5 - 0.1 ppb) 
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TABLE 66 








Little River STP. 


Raw 


Sewage 


and Final Effluent 1977 










Raw 


Sewage 




Final Effluent 




May 


May 


3une 


3uly 


May 


June 




10 


31 


M 


12 


31 


21 


Methylene chloride 




m 


•m^. 








Chloroform 


* 


7 


:^' 


- 


- 


- 


Carbon tetrachloride 


- 


3 


20 


- 


- 


- 


Trichloroethylene 


,« 


- 


- 


% 


- 


- 


Tetrachloroethylene 


20 


- 


- 


-■ 


t 


1 


Benzene 


OA 


- 


- 


♦ 


"J" 


+ 


Dichloro benzenes 


1 


* 


+ 


32 


■^ 


10 


Toluene 


1 


■^ 


m 


f 


:+ 


* 


Xylenes 


0.3 


- 


6 


1 


0.1 


0.3 


Trimethylbenzenes 


5 


■-■ 


m 


■f 


-^ 


^ 


Diethylbenzenes 


60 


?T' 


1000 


10 


%. 


2 


Naphthalene 


2 


■^- 


,.« 


- 


:- 


- 


Carbon disulphide 


■'M 


- 


+■ 


-i 


« 


- 


Dimethyl disulphide 


M 


M 


M 


1- 


* 


- 


Aliphatic hydrocarbons 


* 


* 


- 


+ 


TT" 


•*:' 



All values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.10 ppb) 

M at ppm level 
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TABLE 67 








West Windsor 


STP. Raw Sewage and Final Effluent - 


1977 






Raw Sewage 


Final Effluent 




Aufi. 9 


May 10 




Aufi9 


Methylene chloride 


i^ 


5& 




& 


Chloroform 


+ 


19 




6 


Carbon tetrachloride 


- 


3 




20 


Benzene 


0.3 


0.1 




0.2 


Dichloro benzenes 


- 


. 




1 


Toluene 


17 


1 




0.3 


Xylenes 


- 


12 




0.5 


T rim et hy 1 ben zenes 


' 


0.3 




* 


Diethylbenzenes 


0.5 


- 




■* 


Naphthalene 


2 


■• 




^■. 


Carbon disuiphide 


- 


- 




+ 


Dimethyl disuiphide 


• M 


M 




U 


Aliphatic hydrocarbons 


m 


. 




^ 



'i^ 



. ■ »•;■■ 



All values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 

M = at the ppm level 



- 105 



TABLE 68 



Walpole Island WTP 
Finished Water - 1977 



May 10 June 12 



Methylene chloride 


a 




Chloroform 


f 


2t 


1,2-dlchloroethane 


3 


U 


Benzene 


T- 


m 


Toluene 


-. 


I 


Xylenes 


t 


m 


Diethylbenzene 


* 


\ 


Trimethylbenzene 


* 


t 



All values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 
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TABLE 69 



A. J. Brian Pumping Station (Windsor) 
Raw and Finished Water - 1977 





Raw Water 




Finished Water 




June 12 June 21 


June 


12 


June 21 


Methylene cnloride 


0.5 


37 




^ 


Cnioroform 


a- 


19 




22 


Dichlorobromomethane 


<~: - 


+ 




i^ 


1 ,2-dichloroethane 


0.2 


- 




- 


Benzene 


- 


0.3 




i 


Toluene 


* 


0.2 




0.3 


Xylenes 


+ 


0.2 




OA 


Diethylbenzenes 


-■ ^ 


6 




0.2 



8-hour Composite Samples 

All values in ug/litre (ppb) 

- not detected 

+ trace (0.05 - 0.1 ppb) 
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TABLE 70 



Fish from Lake Huron (Blue Point South) and 

Lake St. Clair (Puce, Mitchell's Bay and 

Tremblay Creek) 





Blue Point 




Puce^' 




Mitchell's 


Tremblay 




South ^^ 








Bay^J 


Creek'*^ 




//I 


//I* 


U2* 


in 


//I 


in 


//2 


Chloroform 








•^ 


*: 


+ 




Tetrachloroethylene 


*! 


-: 


* 


- 


« 


-; 


m 


Benzene 


a 


- 


- 


u 


5 


J 


m 


Toluene 


i 


26 


7 


11 


3- 


3^ 


26 


Xylene 


^ 


l^t 


1 


32 


13 


* 


n 


Trimethylbenzene 


•>: 


- 


* 


- 


^.. 


-■ 


.- 


Diethylbenzene 


- 


- 


- 


- 


>- 


- 


10 


Butanone 


*: 


- 


~ 


NQ 


NQ 


- 


NQ 


Acetone 


- 


NQ 


NQ 


NQ 


■»p. 


NQ 


NQ 


Dimethyldisulphide 


^ 


- 


- 


- 


NQ 


NQ 


- 


Cc-aldehyde 


- 


- 


- 


- 


NQ 


_,. 


- 


Aliphatic Hydrocarbons 


NQ 


- 


- 


+ 


■m- 


-«'' 


w 



Concentrations in ug/kg 

Detection limits 0.5 ug/kg 

* Severe foaming problems during purging 

+ trace 

NQ detected, not quantitated 



1) White Bass 

2) Walleye 

3) Pike 

h) in Walleye, #2 White Bass 
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TABLE 71 



Tilbury North Township WTP 
Finished Water 
Routing Monitoring Data 



i) 



Date 





Dichloro- 


Dibromo 


Carbon 




Chloro- 


bromo- 


chloro- 


Tetra- 


Trichloro 


form 


methane 


methane 


chloride 


ethylene 



1978 



November 15 


2i 


11 


4 


November 15* 


5 


3 


-■■ 


December 12 


8 


7 


# 


December 12* 


2 


2 


1 


1979 








January 8 


7 


7 


* 


January 8* 


3 


3 


- 


February 5 


15 


10 


f 


February 5* 


8 


It 


3 


March 6 


IS 


10 


1 


March 6* 


12 


5 


_ 



All values in ug/litre (ppb) 

Detection limit 0.5 ppb for chloroform 

Raw water samples for each date did not contain any organics above detection limit 

* Sample quenched with sodium thiosulphate 

i) Water obtained from Lake St. Clair 
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TABLE 72 



Windsor WTP. Finished Water 
Routine Monitoring Results 



i) 



Date 





Dichloro- 


Dibromo- 


Carbon 




Chloro- 


bromo- 


chloro- 


Tetra- 


Trichloro 


form 


methane 


methane 


cliloride 


ethylene 



1977 



January k (Raw) 


January k* (Raw) 


March 2 


March 2* 


March 2 (Raw) 


March 2* (Raw) 


April ^ 


April k* 


May 2 


May 2* 


June 1 


June 1* 


June ^ 


June if* 


August 2 


August 2* 


October k 


October k* 


1978 


February 2 


February 2* 



31 
1% 



27 
U 

37 
IS 

42 
25 
28 
19 

W 
7 

k2 
20 



19 

13 
3 



12 

14 
6 

15 
9 

10 

7 
4 

18 
9 



5 
2 



3 
2 

3 

2 

4 
3 
4 
4 

2 
2 

5 
3 



3.5 
0.9 

i.7 
2.3 
2.1 
2.1 



20 
3 



12 

4 



4 
1 



S 
8 
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Date 





Table 72 cont'd 










Dichloro- 


Dibromo- 


Carbon 




Chloro- 


bromo- 


chloro- 


Tetra- 


Trichloro 


form 


methane 


methjane 


chloride 


ethylene 



March 1 


16 


i 


5 


March 1* 


1 


% 


3 


March 1 (Raw) 


- 


- 


" 


March 1* (Raw) 


+■,■ 


- 


- 


April 3 


m 


10 


2 


April 3* 


9 


t 


- 


April 3 (Raw) 


- 


-■- 


* 


April 3* (Raw) 


_ 


- 


-- 


May 1 


m 


Iti 


2 


May 1* 


w 


m 


- 


July f 


30 


13 


t^ 


July l^* 


m 


7 


2 


August 1 


21 


9 


if 


August 1* 


IS 


% 


3 


September 1 


23 


9 


It 


September 1* 


10 


5 


3 


October 2 


n 


9 


if 


October 2* 


t 


t 


2 


November 1 


2k 


$ 


2 


November 1* 


8 


3 


1 


1978 








December 1 


17 


1 


3 


December 1* 


# 


$ 


- 



0.6 

1.3 
1.2 



0.3 
0.3 



0.2 



All values in ug/litre (ppb) 
Detection limit 0.5 ppb for chloroform 

Where raw water data not included, sample contained 
no compounds above detection limit 



* Sample quenched with sodium thiosulphate 

(Raw) indicates raw water data 

i) water obtaip^d from Detroit River 
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TABLE 73 



AmherstburR WTP. Finished Water 
Routine Monitoring Data 







Dichloro- 


Dibromo- 


Carbon 






Chloro- 


bromo- 


chloro- 


Tetra- 


Trichloro 


Date 


form 


methane 


methane 


chloride 


ethylene 


1977 












Feburary 28 


m 


M 


8 


2.5 


J 


February 28 (Raw) 


** 


- 


- 


l.S 


- 


April It 


IS 


21 


4 


*■. 


- 


May 3 


104 


m 


3 


«• 


.-■ 


May 31 


fn 


m 


5 


;^ 


* 


July H 


m 


m. 


5 


^. 


2 


August 1 


m 


m 


5 


*• 


•■ 


December 5 


If 


m 


4 


iife' 


-ir 


December 5* 


IB 


9 


5 


:.?• 


-f- 


December 5* (Raw) 


- 


- 


- 


^*T. 


*, 


December 12 


m 


m 


5 


>i^' 


— 


December 12* 


17 


i 


4 


?»'■■ 


- 


December 12 (Raw) 


- 


-^: 


^ 


?^, 


* 


December Ik 


M 


n 


2 


•«. 


- 


December l^t* 


m 


m 


# 


t:. 


r?^ 


December 14 (Dup) 


49 


m 


f 


P 


^ 



1978 



January 3 


m 


vr 


I 


January 3* 


m 


& 


3 


January 9 


m 


If 


6 


January 9* 


li 


li 


<^ 


January 23 


1 


i# 


f 


January 23* 





m 


^: 
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Table 73 cont'd 












Dichloro- 


Dibromo- 


Carbon 






Chloro- 


bro mo- 


chloro- 


Tetra- 


Trichloro 


Date 


form 


methane 


methane 


chloride 


ethylene 


February 6 


13 


U 


7 






February 6* 


5 


11 


6 


- 


- 


February 13 


13 


14 


7 


_ 




February 13* 


1 


S 


6 


- 


- 


February 20 


14 


14 


7 


. 




February 20* 


11 


13 


7 


- 


- 


February 27 


6 


12 


9 


_ 




February 27* 


I 


5 


4 


0.3 


_ 


February 27 (Dup) 


32 


15 


10 


1.9 


__ 


February 27* (Dup) 


3 


5 


5 


0.9 


^ 


February 27 (Raw) 


- 


- 


- 


0.7 


^^ 


February 27* (Raw) 


- 


- 


-" 


0.3 


- 


March 6 


25 


12 


6 


2,2 




March 6* 


3 


6 


4 


« 


. 


March 6 (Raw) 


- 


- 


. 


0.9 


, 


March 6* (Raw) 


- 


_ 


_ 


1.0 





1978 



March 13 


29 


14 


7 


1.5 


March 13* 


9 


4 


3 


1.0 


March 13 


26 


14 


S 


1.7 


March 13* 


12 


5 


It 


1.0 


March 13 


23 


u 


8 


1.1 


March 13* 


4 


6 


5 


0.2 


March 13 (Raw) 


- 


- 


_ 


0.3 


March 13* (Raw) 


- 


- 


- 


0.8 


March 20 


51 


IS 


3 


0.6 


Marcli 20* 


17 


3 


- 


0.6 


Marcli 20 


32 


13 


2 


0.6 


March 20 » 


26 


7 


- 


0.7 


March 20 


ytt 


11 


- 


0.8 


March 20 » 


m 


& 


- 


0.8 


March 20 (Raw) 


- 


~ 


- 


0.9 


March 20* (Raw) 


- 


— 


^ 


0.8 



in - 



Table 73 cont'd 







Dichloro- 


Dibromo- 


Carbon 






Chloro- 


broino- 


chloro- 


Tetra- 


Trichloro 


Date 


form 


methane 


methane 


chloride 


ethylene 


March 28 


k3 


12 


.1 ■ 






March 28* 


f 


3 


- 


-.■ 


- 


March 28 


36 


12 


t 


ij 


- 


March 28* 


Ik 


4 


- 


- 


-■ 


March 28 


38 


12 


2 


0.2 


- 


March 28* 


17 


J^ 


- 


-.- 


,.r. 


March 28 (Raw) 


4 


.:^- 


- 


-^;' 


..■- 


March 28* (Raw) 


- 






■■- 


- 



1978 



April 


3 


April 


3* 


April 


3 


April 


3* 


April 


3 


April 


3* 


April 


10 


April 


10* 


April 


10 


April 


10* 


April 


10 


April 


10* 


April 


17 


April 


17* 


April 


17 


April 


17* 


April 


17 


April 


17* 



35 


- 


._. 


m 


11 


"•*. 


■-■ 


'^' 


38 


17 


A 


0J 


20 


f 


f 


- 


32 


15 


* 


®j 


23 


10 


J 


Q,2 


fO 


16 


* 


m 


13 


5; 


» 


M 


33 


13 


t 


aJ 


17 


% 


:f: 


-■ 


23 


11 


1 


.^ 


11 


S 


-' 


w 


37 


17 


t 


GLl 


11 


6 


■-,, 


■^- 


31 


15 


* 


e^si 


20 


10 


^ 


M 


32 


15 


1 


G.t 


26 


15 


,» 


w 



197S 



May 1 


May I* 


May 1 


May 1* 


May 8 


May 8* 


May 8 


Mays* 


May 8 


May 8* 


May 18 


May 18* 


May 18 


May 18* 


May 18 


May 18* 


May 23 


May 23* 


May 23 


May 23* 


May 23 


May 23* 



- ill* - 

Table 73 cont'd 

Dichloro- Dibromo- 
chloro- 
methane 





Chloro- 


bromo- 


Date 


form 


methane 


April 21^ 


6it 


20 


April 2if* 


36 


11 


April 2^ 


55 


IS 


April 2ii* 


47 


14 


April 24 


60 


19 


April 2^^* 


51 


15 



42 


17 


3 


18 


8 


fff-- 


40 


15 


;-p*i 


24 


10 


-^ 


25 


12 


t 


13 


7 


% 


29 


14 


'f 


17 


t 


l. 


36 


15 


* 


19 


9 


,3^ 


24 


11 


f 


IS 


10 


i 


19 


il 


% 


16 


i 


% 


25 


11 


5 


i 


'$ . 


1 


21 


m 


1 


7 


& 


% 


21 


m 


.1 


n 


:!■■ 


^ 


21 


12 


6 


17 


•f 


4 



Carbon 




Tetra- 


Trichloro 


chloride 


ethylene 


0.2 




0.1 


- 


0.2 


!•• 


0.2 


f^ 


O 


*: 


m 


* 



MX 



a*t 
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Date 





Table 73 cont'd 










Dichloro- 


Dibromo- 


Carbon 




Chloro- 


bromo- 


chloro- 


Tetra- 


Trichloro 


form 


methane 


methane 


chloride 


ethylene 



1978 

May 29 
May 29* 
May 29 
May 29* 
May 29 
May 29* 

June 5 
June 5* 
June 5 
June 5* 
June 5 
June 5* 

June 12 (Raw) 
June 12* (Raw) 
June 12 
June 12* 
June 12 
June 12* 
June 12 
June 12* 

June 19 
June 19* 
June 19 
June 19* 
June 19 
June 19* 



m 

U 

II 

m 

%$ 

B 
m 
m 
u 

11 

'M. 
U 
23 
IB 

W 

U 



tm 
m 

m 
m 

14 



? 

'm 

i 

m 

ix 
i 

ij 

7 

m 

m 

I 
w 
I 

It 

f 
m 

li 

m 
t 

m 



5 

3 

5 

4 

9 
I 

6 

tf- 
5 
5 
6 

ti- 

6 
it 
6 
5 
5 



0.3 
0.3 



1 
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Date 



1978 



June 


26 


June 


26* 


June 


26 


June 


26* 


June 


26 


June 


26* 


July 


'* 


July 


i^* 


July 


If- 


July 


f* 


July 


'f 


July 


it* 


July 


10 


July 


10* 


July 


10 


July 


10* 


July 


10 


July 


10* 


July 


17 


July 


17* 


July 


17 


July 


17* 


July 


17 


July 


17* 





Table 73 cont'd 










Dichloro- 


Dibromo- 


Carbon 




Chloro- 


bro mo- 


chloro- 


Tetra- 


Trichloro 


form 


methane 


m ethane 


chloride 


ethylene 



m 


m 


5 


lA 


,^ 


II 


7 


3 


- 


.^ 


m 


:1J 


5 


0.2 


- 


II 


i 


t 


- 


- 


m 


m 


ti 


- 


■^ 


M: 


i 


k 


- 


- 


m 


» 


6 


■** 


.g'-. 


Al 


1 


if 


.4- 


■■- 


m 





6 


■^ 


..-,. 


m 


t' 


5 


--* 


-4*' 


m 


m 


6 


0.2 


i 


il 


1 


5 


<- 


- 


m 


If 


5 


1.3 


t 


t 


r 


't' 


0.6 


? 


«: 


I* 


5 


1.0 


1 


a 


1 


if 


0.6 


i 


M 


if- 


5 


0.9 


a 


i% 


m 


5 


0.8 


i 


m 


it 


^ 


tj. 


- 


m 


::ll 


1 


•^ 


- 


m 


11 


' $ 


'-- 


.4'' 


n 


B 


1 


- 


- 


If 


m 


5 


^ik: 


- 


m 


i 


(t 


?t^ 


- 
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Date 



Chloro- 
form 



Table 73 cont'd 

Dichloro- Dibromo- 

bromo- chloro- 

methane methane 



Carbon 

Tetra- Trichloro- 

chloride ethylene 



1978 



July 2tt 


23 


11 


1 


:uly 2(f* 


4 


5 


i 


July 24 


20 


10 


1 


July 2tt* 


15 


8 


i 


July 2k 


15 


8 


« 


July 2it» 


10 


6 


1 


July 31 


23 


11 


1 


July 31* 


9 


6 


# 


July 31 


18 


10 


i 


July 31* 


in 


7 


% 


July 31 


2k 


11 


$ 


July 31* 


13 


7 


5 


August S 


17 


11 


i 


August 8* 


11 


7 


1 


August 8 


12 


11 


^ 


August 8* 


12 


7 


# 


August 8 


15 


7 


i 


August 8* 


9 


9 


i 


August 15 (Raw) 


25 


- 


•a- 


August 15* (Raw) 


7 


- 


r 


August 15 


50 


11 


£ 


August 15* 


47 


6 


1 


August 21 


23 


11 


@ 


August 21* 


10 


7 


3 


August 21 


24 


12 


i 


August 21* 


17 


9 


$ 



1 
1 
I 

1 
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Date 





Table 73 cont'd 










DichJoro- 


Dlbromo- 


Carbon 




Chloro- 


bro mo- 


chloro- 


Tetra- 


Trichloro 


form 


methane 


m ethane 


chloride 


ethylene 



1978 

August 28 
August 28* 
August 28 
August 28* 

September 5 
September 5* 
September 5 
September 5* 

September 11 
September 11* 
September 11 
September 11* 

September 18 
September 18* 
September 18 
September 18* 

September 25 
September 25* 
September 25 
September 25* 

October 2 
October 2* 
October 2 

October 2* 



22 
10 
2tt 
13 

17 
8 
23 

13 

37 
31 
32 
37 

7 
8 
21 

15 

25 
25 
26 
23 

2ii 
9 

20 
10 



8 
6 
8 
6 

9 
5 

10 
7 

16 
12 
15 
11 

10 
5 
12 
& 

li 

10 
10 
10 

9 
6 
9 



5 

I 

* 

5 

If 

It 

5 
5 

f 
5 

■4 
4 
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Date 



Chloro- 
form 



Table 73 cont'd 

Dichloro- Dibromo- 

bromo- chloro- 

methane methane 



Carbon 

Tetra- Trichloro- 

chloride ethylene 



1978 



October 10 


m 


10 


3 


October 10* 


1 


6 


3 


October 10 


m 


li 


ft 


October 10* 


X3 


l- 


^■' 


October 16 


27 


a 


^ 


October 16* 


7 


J 


^ 


October 16 


23 


10 


* 


October 16* 


ii 


M: 


1' 


October 23 


30 


10 


* 


October 23* 


7 


n 


1 


October 23 


12 


g 


k 


October 23* 


8 


i 


3 


October 30 


7 


5 


n 


October 30* 


I 


3 


3 


October 30 


17 


7 


f 


October 30* 


8 


5 


I 


November 6 


26 


10 


* 


November 6* 


7 


f 


t 


November 6 


13 


6 


# 


November 6* 


10 


5 


3 


November Ik 


21 


9 


* 


November Ik* 


16 


8 


^ 


November I't 


19 


9 


1 


November Ik-* 


10 


6 


31 



2 
I 
2 



1978 



November 20 


26 


11 


f 


November 20* 


$ 


% 


% 


November 20 


18 


#. 


ti 


November 20* 


8 


* 


.t 
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Date 





Table 73 cont'd 










Dichloro- 


Dibromo- 


Carbon 




Chloro- 


bro mo- 


chioro- 


Tetra- 


Trichloro 


form 


methane 


methane 


chloride 


ethylene 



November 27 


m 


m 


^ 


November 


27* 


fe 


1 


1 


December 


ti 


m 


1 


% 


December 


It* 


%, 


t 


2 


December 


ti 


1$ 


m 


% 


December 


k* 


4 


5 


3 


December 


11 


1^ 


i 


5 


December 


11* 


i 


3 


2 


December 


11 


j^ 


1 


1 


December 


11* 


t* 


i 





December 


18 


m 


1 


5 


December 


18* 


% 


f 


t 


December 


IS 


m 


f 


5 


December 


18* 


^ 


* 


1 


1979 










February 19 


m. 


13 


i 


February 


19* 


%■ 


5 


I 


February 26 (Raw) 


If 


M 


6 


February ; 


26* (Raw) 


3 


3 


E 



1 
i 
X 

I' 



1979 



February 26 


J^ 


1 


t 


February 26* 


' 






February 26 


if 


It 


i 


February 26* 


f- 




1 


March 5 


m 


-^ 


_; 


March 5* 


Iff 


f 


E 


March 5 


r* 


■i 


i 


March 5* 


lij 


4 


t 


March 19 


m 


li 


1 


March 19* 


4 


» 


1 



0.2 



0.2 
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Date 



Chioro- 
fortn 



Table 73 cont'd 

Dlchloro- Dibromo- 

bromo- chloro- 

inethane methane 



Carbon 

Tetra- Trichloro- 

chloride ethylene 



March 26 


March 


1 26* 


Marcl- 


1 26 


Marcl" 


1 26* 


April 


2 


April 


2* 


April 


2 


April 


2* 


April 


17 


April 


17* 


April 


17 


April 


17* 



kl 


14 


2 


M 


m 


■f^ 


- 


-•^ 


n 


8 


t 


0.2 


u 


^ 


- 


- 


39 


15 


4 


- 


6 


4 


1 


-.. 


i? 


la 


% 


— ;■■ 


It: 


6 


% 


«-::■ 


65 


IJ; 


Z 


fi,# 


2# 


^ 


—;■.- 


_, 


m 


11 


2 


m 


10 


7 


--. 


M 



1979 



April 29 


April 


29* 


April 


29 


April 


29* 


May 


1<J 


May 


[i^* 


May 


in 


May 


11** 


3une 


1* 


June 


n* 


Dune 


It 


June 


t* 


Dune 




June 


1 1 * 


June 




June 


1 1 * 


June 




June 


1 1 * 



1*5 


16 


2 


m 


1*7 


IS 


1 


0J 


m 


i#^ 


■$ 


^: 


# 


if 


i 


•*' 


m 


m 


,| 


f*.' 


ii 


% 


3 


^^- 


14 


If 


4 


- 


14 


4 


3 


*- 


m 


f 


4 


^- 


I 


3^ 





*^: 


■t 


f 


2 


!r 


5 


5 


2 


-' 


m 


i 


if 


^ 


i 


ft 


2 


■*■ 


m 


1 


't 


•-' 


ij 


g 


'^ 


^- 


11 


1 


H 


'^ 


ifif 


7 


t* 


^ 
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Date 





Table 73 cont'd 










Dichloro- 


Dibromo- 


Carbon 




Chloro- 


bro mo- 


chloro- 


Tetra- 


Trichloro 


form 


methane 


methane 


chloride 


ethylene 



July 9 


m 


3 


3 


3uly 9* 


m 


3 


3 


3uly 9 


17 


1 


4 


Duly 9* 


if 


7 


4 


July 9 


13 


i 


^ 


3uly 9* 


U 


i 


3 


1979 








:uly 23 


17 


7 


'f 


July 23* 


m 


5^ 


^ 


July 23 


m 


:il 


* 


July 23* 


m 


ii 


^ 


July 23 


m- 


9 


* 


July 23* 


n 


i 


# 


August 7 


-B 


11 


6 


August 7* 


m 


li 


g 


August 7 


m 


12 


6 


August 7* 


26 


ii: 


g 


August 7 


27 


li 


# 


August 7* 


W 


11 


^ 


August 20 


It 


9 


i 


August 20* 


If 


11 


g 


August 20 


i7 


U 


1 


August 20* 


If 


10 


6 


August 20 


t^ 


11 


i 


August 20* 


17 


U 


f 


September ^f 


If 


1* 


$ 


September i^* 


m 


9 


% 


September if 


M 


12 


S 


September it* 


n 


1® 


5 


September 4 


m 


1^ 


$ 


September 'f* 


11 


» 


s 
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Table 73 cont'd 












Dichloro- 


Dibromo- 


Carbon 






Chloro- 


bro mo- 


chloro- 


Tetra- 


TrichJoro 


Date 


form 


methane 


methane 


chloride 


ethylene 


1979 












November 13 


I 


t 


2 


:<#-.. 


^ 


November 13* 


IS 


$ 


it 


- 


'"F 


November 26 


U 


i 


5 


_ 


^, 


November 26* 


it 


ft 


3 


- 


- 


December 10 


m 


11 


# 


ii- 


_^ 


December 10* 


f 


6 


I 


_; 


^■' 



All values in ug/litre (ppb) 

Detection limit 0.5 ppb for chloroform 

(Raw) indicates raw water 

(Dup) indicated duplicate sample 

Where raw water data not included, 

sample contained no compounds 

above detection limit 



Sample quenched with sodium thiosulphate 
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DISCUSSION 



During the course of both studies, a total of eighty-four different organic 
compounds, excluding aliphatic hydrocarbons believed to originate from petroleum 
products, were identified. These have been arbitrarily divided into two classes, 
halogenated (mainly chlorinated) and non-halogenated, and are listed in Tables 7t 
and 75 respectively. A slightly higher number of compounds were observed in the 
extended study (57) than in the earlier one M). Compounds identified in 1975 but 
not in 1977 are listed in Table 76: the table also indicates the number of times 
each component was observed and indicates the source (i.e. in-plant, intake or 
effluent). It is clear that most of the compounds were observed only once (from a 
total of 61 samples, 27 examined in detail) and of those observed twice, bromo- 
chloroethane was not actually detected in an industrial effluent. 

A brief discussion of the possible use and origin of the compounds listed in 
Tables 7^* and 75 is relevant. 

The halogenated methanes are widespread and several are believed to 
originate from the disinfection of water by chlorination in STP's and WTP's 
(chloroform, dichlorobromomethane and dibromochloromethane). This view is 
supported by examination of the routine drinking water monitoring results (Tables 
71, 72, 73, pages 108 ff.) where, in the vast majority of cases, the occurrence of 
these compounds is much higher in the finished (i.e. chlorinated) water than in the 
raw water. Evidence for the production of dichloromethane (methylene chloride) 
by aqueous chlorination is far less conclusive. The routine monitoring data implies 
that carbon tetrachloride is not produced in this manner but is presumably the 
result of industrial activity. 

Many of the listed organics are widely used as industrial solvents. This 
includes dichloromethane, carbon tetrachloride, tri- and tetrachloroethylene, 
carbon disulphide and (possibly) chlorinated benzenes. Many of these are produced 
by industries on the St. Clair, and their presence may result from production and/or 
usage. Still others are intermediates or final products: 1,2 dichloroethane is 
manufactured as an additive for leaded gasolines where it acts as a lead scavenger; 
styrcno, butadiene and vinyl chloride arc polymer precursors; diphenyl ether, often 
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TAhUE 71^ 



Halogenated Organics Identified 



1975 19^7 

Dichloromethane (methylene chloride) ♦ * 

Trichloromethane (chloroform) * + 

Tetrachloromethane (carbon tetrachloride) * * 

Dichlorobromomethane + * 

Dibromomethane + i- 

Tribromomethane (bromoform) * 

Dibromochloromethane + 

Chloroethane (ethyl chloride) + f 

Dichloroethane (1,1 and 1,2) # + 

Trichloroethane + 

Tetrachloroethane + + 

Hexachloroethane + t 

Bromochloroethane + 

Dibromoethane * 

Dichloroethylene •^ * 

Trichloroethylene *' * 

Tetrachloroethylene * + 

Dichloropropane # * 

Trichloro propane * 

Tetrachloro pro pane * 

Chloropropene * 

Dichloropropene * 

Dichloro butane * 

Trichloro butane * 
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Table 7f cont'd 



1975 



1977 



Dichlorobutene 



Dichlorobutadiene 
Hexachloro butadiene 






Chlorocyclohexane 



Vinyl chloride 
Vinyl bromide 



+ 



Bis(chloroethyl)ether 
Bis(chloroisopropyl)ether 



Die hloro ben zene 

Trichlorobenzene 

N-(3,'^-dichlorophenyl)-N,N diethylurea 



4< 



• 



L.: 
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TABLE 75 



Non-halogenated OrRanics Identified 



Formaldehyde 



Acetone 



1975 



1977 



Ethanol 

Propanol 

Methyl ethyl ketone 






Butene 

Buten-3-yne 

Butadiene 

Di-isobutylene 

Tri-isobutylene 

t-Butanol 

But-2-en-l-ol 

Butane- Ijif-diol 

Cyclohexane 

Cyclopentadiene 






* 
+ 



Diethylcyclohexane 
'>-vinyl cyclohexene 



+ 



Decanols 
Octadecanol 






Carbon disulphide 
Dimethyl disulphide 
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Table 7^ cont'd 



1975 



1977 



Benzene 
Toluene 
Xylenes 



* 



+ 
+ 
+ 



Ethyl benzene 

C^alkylbenzenes: ethylmethyl, propyl, 
isopropyl(cumene), trimethyl 



+ 



C. alky] benzenes: tetramethyl(durene), diethyl, 
ethyldimethyl 



Crdlkyl benzenes: trimethylethyl 
C,alkyl benzenes: hexamethyl, triethyl, 
dimethyldiethyl, diisopropyl 



+ 



+ 
+ 



Styrene 

Methylstyrene 

Ethylstyrene 



+ 
+ 
+ 



Anisole 
Diphenyl ether 



Naphthalene 

Methylnaphthalenes 

Dimethylnaphthalenes 

Trimethylnaphthalenes 

6-methyl-l,2-dihydronaphthaiene 

Dimethyltetrahydronaphthalene 



+ 



+ 
+ 
+ 

+ 



Benzo cyclobutene or phenylacetylene 



Indane 

Methylindane 

Petroleum hydrocarbons 



+ 
+ 
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TABLE 76 



Compounds Identified In 1975 but not 


in 1977 






// Observations 


Bromochloroethane 


2 


I,P 


Tribromoethane 




p. 


Trichloro pro pane 




% 


Chloropropene 




E 


Dichloropropene 




i. 


Dichloro butadiene 




B 


Vinyl bromide 




S 


Bis(chloroethyl>ether 




E. 


N-(3,<^-dichlorophenyl)-N,N diethylurea 




P 


Formaldehyde 




P 


Acetone 




E 


Ethanol 




1 


Propanol 




1 


Methylethyl ketone 




I 


Buten-3-yne 




1 


But-2-en-l-ol 




E 


Decanols 




E 


Octadecanol 




i 


6-methyl-l,2 dihydronaphthalene 




p 


Phenylacetylene 




fi 



I = found in an intake water 
P = found in an in-piant sample 
E = found in an effluent sample 
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formulated with diphenylmethane which was not observed, is used as a heat 
transfer fluid in situations where steam is inadequate. The occurrence of the 
latter may result from leakage from a heating system as well as from production. 
The higher molecular weight aromatic hydrocarbons are all suspected to be of 
refinery origin. 

Based on a knowledge of the major industrial ojjerations, i.e. refining, polymer 
production, glycol production, etc., and basic industrial chemistry, a certain 
amount of speculation on the origin of other listed chemicals is feasible. In the 
following discussion, compounds underlined have been detected in the St. Clair 
system. 

As mentioned earlier, refinery operations can potentially release many aro- 
matic and polycyclic aromatic hydrocarbons . Use of the purge and trap technique 
limits observation of the latter class to naphthalene and substituted naphthalenes , 
since higher molecular weight homologues do not purge well. Desulfurization 
processes frequently result in dimethyl disulphide and related compounds, although 
these are normally burnt. Iso-butylene may be dimerized to diiso-butylene 
(iso-octene) and hydrogenated to produce iso-octane for use as a gasoline additive. 
Triisobutylene can be a by-product of the dimerization process. 

Polymer production often starts with styrene and butadiene monomers. 
Styrene is produced by dehydrogenating ethylbenzene that is, in turn, produced by 
reacting ethylene and benzene ; 




+ CoH 



2"4 




CHaCHg 



Further dehydrogenation of styrene can produce phenylacetylene ; 

9 

-Hz 

Further reaction of ethylbenzene and ethylene produces diethyl and triethyl 
benzenes: 






"5 /' 

+ C2H4 -^10^ 
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(C2H5)2 




^^2^5*3 



and dehydrogenation of these would result in a variety of by-products, for example 
ethylstyrene: 




(C^Hg), 



-H, 




H=CH, 



C2H5 



Naturally, the situation is further complicated by feedstock impurities. Thus 
propene impurities in the ethylene could lead to propyl , dipropyl and tripropyl- 
benzenes; toluene and xylene impurities in the benzene would produce methyl- 
sty rene , dimethylstyrene, etc. Alpha- methylsty rene is a by-product of phenol 
manufacture and is often used in co-polymers. 



Butadiene can be produced by a variety of methods Including the dehydro- 
genation of butene. Butadiene itself can dimerize to form ^-vinyl cyclohexene ; 



/ 



zX) 



Classical methods for the production of polyglycois often involve the 
formation of chlorinated intermediates, for example polypropylene glycols may be 
produced as follows. Propene is reacted with chlorine to produce dJchloropropane ; 



CH2=CH-CH3 + Ctg >• CHgCI-CHCI— CH3 



which is treated with sodium hydroxide to produce an epoxide that can react 
further with water to form propylene glycol: 



CH2CI-CHCI-CH3 -^^ CHg-CH-CH; 



OH .OH 
NaOH I ' 



CHo-CH — CH: 



132 



An alternative route involves production of chlorohydrin from propene, 
chlorine and water: 

CH2= cH-CHj-^^^lM^cHgCI-CHOH- CH3 

which leads to the same epoxide. In both of these methods bis(chloroisopropyl) 
ether can be produced as a by-product. 

A competing reaction between chlorine and propene produces chloropropene ; 

CHCI-CH-CH3 

CHg^CH-CHg ^ ^ > or 

CH2-CHCI-CH3 

Polygiycols based on ethylene and butene can be produced in a similar fashion 
suggesting that dichloroethane , chloroethylene, dichlorobutene , chlorobutene, bis^ 
(chloroethyl)ether , etc. may arise from similar processes. Side reactions might 
also produce dichloroethylene , dichloropropene and dichlorobutene . Again the 
situation can be complicated by feedstock impurities, and the chlorinated ethanes 
and butadienes are thought to occur from this source. 

In short, the occurrence of all the compounds listed in Tables T* and 75 can be 
quite easily explained in terms of known processes and products, raw materials and 
simple chemistry. Only two compounds are thought unlikely. Benzocyclobutene is 
generally unstable but the mass spectral data could not distinguish between this 
compound and phenylacetylene; it is thought that the compound observed was, in 
fact, phenylacetylene, the presence of which can be explained. The other curiosity 
is N-O.^t dichlorophenyl)-N,N-diethylurea, which was observed in an in-plant 
sample collected at the Canadian Industries Limited plant in 1975. The structure 
of this compound: 

o=c ^ — 

\n(C2H5)2 
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su ggests that it is related to t he herbicides Neburon and Diuron: 

/CI XI 

Neburon Al^-^A Diuron /^^-~>A 

<C4H9 ^"="3)2 



and hence, its occurrence may not be unreasonable. It seems, however, highly 
unlikely that a compound of this type would purge well. 

Any discussion of the significance of the occurrence of a particular compound 
must necessarily be incomplete since many factors, from the viewpoint of impact 
on human and environmental health, affect the situation. Some of the relevant 
parameters are: 

i) quantity and frequency of occurrence 

ii) toxicity, mutagenicity, etc. 

iii) bio-accumulation potentials 

iv) synergistic and antagonistic effects 

v) dispersion and loss effects (mixing, degradation, volatilization, 
sedimentation, etc.) 

The majority of these points are concerned with the transportation of organic 
compounds from source to receiving organism and with the effects on that 
organism thereafter. 

In an attempt to control pollution, however, the fundamental concern is source 
identification which, in the case of an heavily industrialized area such as the St. 
Clair, may be difficult. Although an enormous amount of data has been presented 
in the preceding section, no site, with the exception of Dow Third Street Sewer and 
Polysar Stereo API sampled in 1978, was examined more than six times. This is 
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inevitable in a study with a wide scope, but renders positive identification of 
source statistically uncertain. Nevertheless, the nature of the analytical method- 
ology is such that confidence in a particular compound being associated with a 
particular site is good. This is especially true if the concentration is high since 
artifacts (contamination, etc.) are then less likely. In consequence,it is felt that 
the major purpose of this Report is to highlight areas of potential concern that 
necessitate additional abatement action or require additional in-depth study, which 
was one of the goals of the investigation study (see Foreword). Clearly, any areas 
of concern identified will be effluents, either industrial or from a STP and, while 
such areas can be identified from the organic data only, a more complete picture is 
obtained by considering the other Reports in the St. Clair Study Series. 

In considering the significance of a particular site, a variety of criteria could 
be applied, for example: 

i) How many organic compounds were observed? 

ii) What are the concentrations: are any in excess, for example, of 1 ppm? 

iii) What is the frequency of occurrence? 

iv) What is the TOC value and the corresponding organic loading? 

v) Are any of the compounds known to present a bio-hazard? 

With reference to the impact on the environment or humem health, point v) is 
clearly the most important. Unfortunately, knowledge of health significance of 
hazardous materials lags far behind the ability to analyze for them, but the other 
points compensate for this since large quantities of organics are environmentally 
undesirable. Data on the bio-hazards presented by various compounds has been 
obtained from the Toxicity Data for ten of the more common compounds (Appendix 
I), the Mutagenicity Testing Report in this series, and from the Ontario 
Government "Blue Book" ("Water Management - Goals, Objectives and 
Implementation Procedures of the Ministry of the Environment". Ministry of the 
Environment, November 1978). 
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The Mutagenicity Report ("St. Ciair River Organics Study. The Detection of 
Mutagenic Activity; Screening of Twenty-three Compounds of Industrial Origin", 
Ministry of the Environment, November 1979) presents the results of a mutagenic 
screening of twenty-three compounds identified in the 1975 organic study. The 
report indicates that five compounds were found to be mutagenic although a 
literature survey indicated slightly different results. The mutagenic and carcino- 
genic compounds are summarized in Table 11 . Throughout the following discussion, 
particular attention is paid to the occurrence of these compounds. 

Tables 78 and 79 indicate the frequency of occurrence of the halogenated and 
non-halogenated compounds respectively, in the effluents. The data is presented 
for 1975 and 1977 taken together (1978 is ignored because it was restricted to high 
frequency sampling at a limited number of sites) in two ways - by site and by 
sample. For the former, by site, a compound is counted if it was observed on at 
least one occasion at a particular site; the number of samplings is ignored. The 
frequency by sample indicates the total number of times a compound was observed. 
These tables show several interesting features. Firstly, few compounds are 
widespread; only methylene chloride, chloroform, carbon tetrachloride, dichloro- 
ethane, trichloroethylene, tetrachloroethylene, dichloropropene, vinyl chloride, 
benzene, toluene, xylene and the naphthalenes occur regularly. The vinyl chloride 
observations mainly refer to 1975, when a specific vinyl chloride assay was 
included in the study. The occurrence of these compounds in particular arises from 
their widespread use as solvents and raw materials. Secondly, certain compounds 
observed and listed in Tables 1^ and 75 are not given frequency of occurrence 
figures. This indicates that these compounds were not detected in effluents but 
appeared in intake waters or (1975 study) in in-plant samples. This is particularly 
important for one compound shown in the Mutagenicity study to be mutagenic: 
bromochloroethane. This compound was detected only in 1975: once in an in-plant 
sample (Ethyl Corp>ortation of Canada Limited) and once in an intake water (Shell 
Canada Limited). Trichoropropane, another compound shown to be mutagenic in 
this study, Wcis again only observed in 1975 and only on one occasion. The 
occurrence of these compounds is not, therefore, regarded as especially significant: 
they are, however, both associated with the Ethyl Corporation which, for other 
reasons, is recommended for further study and the possibility of occurrence of 
these compounds should be examined. 
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TABLE n 



Summary of MutaRenic and Carcinogenic Compounds 
Identified by the Mutagenicity Report 



Dichloromethane 

Chloroform 

Carbon tetrachloride 

Bromoform 

i , 1-Dichloroethane 

1 ,2-Dichloroethane 

1 ,2-Bromochloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethylene 

1 ,2,3-Trichloropropane 

Benzene 



Mutagenic in 


Literature 


Reported 


Survey Results 


Study 


Mutagenic 


Carcinogenic 


+ 


■*K 


+ 


- 


- 


* 


- 


41, 


*: 


- 


+ : 


/* 


+ 






+ 


'♦■ 


+ 


+ 


.*. 




- 


+ 




- 


M 


4 



- not active 

+ active 

(+) activity less than 2.5 



i) St. Clair River Organics Study. 

The Detection of Mutagenic Activity; 

Screening of Twenty-three Compounds of Industrial Origin, 

Ministry of the Environment, November 1979. 

Table 5, page 15. 
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TABLE 78 



Frequency of Occurrence of 

Halogenated Organics in Effluents 

1975 and 1977 







By Site 


By Sample 






(out of 


(out of 




Code 


31) 


88) 


Oichloromethane (methylene chloride) 


P,C,M 


20 


30 


Trichloromethane (chloroform) 


C 


22 


33 


Tetrachloromethane (carbon tetrachloride) 





16 


31 


Dichlorobromomethane 




t 


2 


Dibromomethane 




M 


3 


Tribromomethane (bromoform) 


M,C 


:*-. 


■- 


Dibromochloromethane 




1 


I 


Chloroethane (ethyl chloride) 




^ 


2 


Dichloroethane (1,1 and 1,2) 


P(i,l and 1,2),C,M(1,2) 


18 


38 


Trichloroethane 




f 


i 


Tetrachloroethane 


« 


% 


6 


Hexachloroethane 




3^ 


2 


Bromochloroethane 


P 


- 


- 


Dibromoethane 




t 


3 



Dichloroethylene 

Trichloroethylene C,M 

Tetrachloroethylene 

Dichloropropane 

Trichloropropane P 

Te t rachloro pro pane 

Chloropropene 
Dichloropropene 



% 


5 


t 


11 


lit 


26 


15 


26 


I 


1 


■Jt 


2 
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Table 78 cont'd 

By Site By Sample 
(out of (out of 

Code 31) 88) 

Dichlorobutane t I: 

Trichloro butane J I 

Dichlorobutene 1 I 

Dichlorobutadiene 

Hexachlorobutadiene I 5 

Chlorocyclohexane - "■■ 

Vinyl chloride M JJ 

Vinyl bromide 1 1 

Bis(chloroethyl)ether *• - 

Bis(chloroisopropyl)ethef 5 f 

Dichlorobenzene i f 

Trichloro benzene 1 i 



P - showed mutagenic activity in present study 

M - known mutagen 

C - known carcinogen 

- not detected in effluent 



Decanols 
Octadecanol 
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TABLE 79 



Frequency of Occurrence of 

Non-halogenated Orfianics in Effluents 

1975 and 1977 



Formaldehyde 

Acetone 

Ethanol 

Propanol 

Methyl ethyl ketone 

Buten-3-yne 

Butene 

Butadiene 

Di-isobutylene 

Tri-isobutylene 

t-Butanol 

But-2-en-l-ol 

Butane- Ij't-diol 

Cyclopentadjene 
Cyclohexane 
Diethylcyclohexane 
if-vinyl cyclohexene 





By Site 


By Sample 




(out of 


(out of 


Code 


31) 


88) 




'1 


% 




1 


i 




::I 


2 




1 


1 




1 


i 



# 


:l 


I 


1 


1 


I 


1 


I 


1 


I 



Carbon disulphide 
Dimethyl disulphide 



I 



1 
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Table 79 cont'd 



Benzene 
Toluene 
Xylenes 
Ethyl benzene 

C^alkylbenzenes: ethylmethyl, propyl, 
isopropyUcumene), trimethyl 



Code 



By Site 


By Sample 


(out of 


{out of 


31) 


8S) 


1& 


29 


13 


23 


16 


29 



12 



C. alkylbenzenes: tetramethyl(durene), 

diethyl, ethyldimethyl 
C -alkylbenzenes: trinnethylethyl 
C, alkylbenzenes: hexamethyl, triethyl, 

dimethyldiethyl, di-isopropyl 



$ 



13 



Styrene 

Methylstyrene 

Ethylstyrene 



I 



4 



Anjsole 
Diphenyl ether 



Naphthalene 

Methylnaphthalenes 

Dimethylnaphthalenes 

Trimethylnaphthalenes 

6-methyl- 1 ,2-dihydronaphthalene 

Dimethyltetrahydronaphthalene 



7 


15 


7 


12 


2 


t 


I 


I 



Benzo cyclobutene or phenylacetylene 



Indane 

Me thy lindane 



1 
2 



1 



Petroleum hydrocarbons 



C - known carcinogen 
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Presenting frequency data as in Tables 78 and 79 has several problems. In 
particular it gives no guide to distribution but merely indicates how widespread the 
distribution is and, second, gives no indication of concentration. Concentration 
data is available in the analytical results section and will be discussed presently. 
The distribution of organics is ilustrated in Figures 9 and 10, which present the 
frequency of occurrence of the twelve compounds most widespread by sample. 
Each site is associated with a number, for ease of presentation, which are listed in 
Table 80. The figures show plots for each compound separately on axis with an 
abscissa scale of zero to one. The value is calculated by representing each 
observation by sample, at a particular site, as a fraction, i.e. two observations out 
of four samples yields a value of 0.5. Thus the figures indicate the likelihood of a 
particular compound being present at a given site, except where the number of 
analyses (also listed in Table SO) was one which is statistically unreliable. This 
data is calculated for 1975, 1977 and 1978 since it is expressed as a fraction and 
the higher frequency 1978 sampling only helps to improve the reliability wliere 
appropriate. It must be stressed that the figures do not indicate concentrations but 
rather the frequency of occurrence at a particular site. Thus where a value of one 
is indicated for a site, the compwund was observed in all samples analyzed from 
that site. Where the number of samples is one (sites 1, 5, 6, 27, 29 and 30) little 
meaning can be attached to the frequency of occurrence. Vinyl chloride data is 
undoubtedly somewhat unrealistic as a current picture since a specific assay was 
used in 1975 but not in other years. 

In spite of these weaknesses, the Figures do show some interesting features. 
Methylene chloride and chloroform are clearly, and not surprisingly, widespread 
since they were found at the majority of sites and there is no obvious pattern to 
their occurrence. Carbon tetrachloride, 1,2-dichloroethane, tri- and tetrachloro- 
ethylene and dichloropropane on the other hand show a quite distinctive pattern. 
With the exception of site 3, for trichloroethylene, and site 6, for dichloroethane, 
trichloroethylene and tetrachloroethylene, these compounds are observed sporad- 
ically upstream of Dow (sites 12 to 21): thereafter, they were observed regularly. 
Since site 6 is one of those only analyzed once, the peak at this point is of 
somewhat dubious significance. Below Dow, carbon tetrachloride showed a regular 
appearance at sites 2k (Shell Contaminated Water) and 28 (Allied Chemical). 
Dichloroethane appeared regularly at sites 25 (Ethyl Corporation), 26 (DuPont 
Canada), 29 and 30 (Beker Industries - one analysis). In view of tlie extremely high 



B aure 9. Freq uenC Y of Occurrence of Selected Or a anics 

vs. Site (from Table 80) . 



Methyler^e Chloride 




Chloroform 





^^x. 



Carbon Tetrachloride 




- r I . I 

Dichloroethane 




Trie 1^ lor oeth y lene 





-I r 




Tetrachloroethylene 
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Fi gure 10. Frequency of Occurrence of Selected Or q anics 

vs. Site (from Table 80.) 



T r 



.^^ . 1 1 



Dichloropropane 




Vinyl Ctiloride 



h 



^^ 



I I 



,Z\ 




W 1 



Benzene 




Naphthalene 



I I 




I I 




,A ■ ■ ^ 




1 ^T 
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TABLE 80 

Code Numbers of Sites for 
Figures 9 and 10 

Site Code // Analyses 

Pt. Edward STP Final Effluent 1 1 

Imperial Oii Limited 

#3 Separator 2 2 

tf9 Separator 3 2 

#11, #12 Separator it 2 

Bio-oxidation Unit 5 1 

Sarnia STP Final Effluent 6 1 

Esso Chemical Canada Limited - Pressure Sewer 7 U 

Polysar Limited 

Township Ditch 8 H 

51*" Sewer 9 * 

66" Sewer 10 % 

Stereo API 11 4 

72" Sewer 12 3 

Dow Chemical Canada Limited 

i*2" Sewer 13 3 

48" Sewer l^t 3 

Acid Tile 15 3 

5'f" Sluice 16 It 

Second Street Sewer 17 3 

Third Street Sewer 18 7 

D.O.E.O. 19 2 

Fourth Street Sewer 20 3 

Steam Plant 21 2 

Sunoco Incorporated 

- Total Discharge 22 2 
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Table 80 cont'd 



Site 



Code 



// Analyses 



Shell Canada Limited 

Clear Water 
Contaminated Water 

Ethyl Corporation of Canada Limited 

- Total Discharge 

DuPont Canada Limited 

- Total Discharge 

Corunna STP . Final Effluent 

Allied Chemical Canada Limited 

Beker Industries of Canada Limited 

Cooling Water 
Stereo API 

Canadian Industries Limited 

- Total Discharge 



23 
25 



26 

27 
28 



29 

30 

n 



2 
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concentrations of this compound found at Ethyl (see Table 33, page 69) the 
occurrence downstream may well have resulted from carry-over. The pattern for 
trichloroethylene shows sporadic appearances up to site 2U^ (Shell Contaminated 
Water). The graph for tetrachioroethylene suggests that this compound is 
concerned mainly with the Dow operation: major occurrences at site 6 and 27 are 
of less significance due to single analysis for these sites; however, frequent 
occurrences at sites 22 (Sunoco), 23 (Shell Clean Water) may arise from carry-over. 
Dichloro pro pane, again, occurs in almost every site below Dow: a major 
occurrence at site 29 (Beker Cooling Water) again corresponds to a single sampling. 
The aromatic hydrocarbon graphs shows no clear pattern: benzene appears 
widespread but mainly associated with Imperial Oil Bio-oxidation Unit (site 5), Esso 
Chemical (site 7) and Polysar Stereo API (site 11); toluene was observed regularly 
at Imperial Oil Bio-oxidaton Unit (site 5), Esso (site 7) and Dow Third Street Sewer 
(site 18); xylenes were observed regularly at Esso (site 7), Dow Fourth Street (site 
20), Allied Chemical (site 28) and Beker Stereo API (site 30 - single analysis); 
naphthalene is mainly related to Esso (site 7) and Beker Cooling Water Discharge 
(site 29 - single analysis): the latter may arise from carry-over. 

In short, these Figures serve to pinpoint certain sites, Imperial Oil, Esso 
Chemical, Polysar Incorporated, Dow Chemical, Allied Chemical and Beker 
Industries, which bear a more detailed analysis of the available data. As mentioned 
previously, there are a variety of other criteria that can be applied in deciding 
areas for a more thorough analysis. Figure 11 contains graphs of mean organic 
loading, TOC and the number of organic compounds observed plotted against site 
number, as in Table 80. This data is for 1977 only. A line at 5 mg Carbon/litre on 
the TOC curve indicated the "Blue Book" guideline for drinking water quality and it 
is clear that many sites are close to this value. Blank spots correspond to STP's 
that were not sampled for TOC. Obvious maxima occur as follows: sites 9 and 10 
(Polysar 54" Sewer and 66" Sewer), 18 (Dow Third Street Sewer) and 20 (Dow 
Fourth Street) for mean organic loading. Sites 5 (Imperial Oil Bio-oxidation Unit), 
7 (Esso Chemical), 9 and 11 (Polysar 54" Sewer and Stereo API Sewer) for TOC. 
Sites 7 (Esso Chemical), 16 (Dow 54" Sluice), 18 (Dow Third Street Sewer) and 28 
(Allied Chemical) for number of organics observed. 

From the preceding discussion, it appears therefore that the following sites 
need a closer examination of the relevant data: 
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Site ff 



Site 



5 


Imperial Oil 
Bio-oxidation Unit 


f 


Esse Chemical 
Pressure Sewer 


f 


Polysar ^^f" Sewer 


if 


Polysar 66" Sewer 


H 


Polysar Stereo API 


m 


Dow 51^" Sluice 


m 


Dow Third Street Sewer 


m 


Dow Fourth Street Sewer 


12-21 


All Dow Sites 


M 


Sunoco Incorporated 
Total Discharge 


m 


Shell Canada Clean 
(Used Cooling) Water 


m 


Shell Contaminated 
Water 


i^: 


Ethyl Corporation 
Total Discharge 


m 


Dupont Canada 
Total Discharge 


m 


Allied Chemical Canada 
Total Discharge 


m 


Beker Industries of Ceinada 
Used Cooling Water 



Beker Industries of Canada 
Stereo API 



Reasons 
Benzene, toluene 

Benzene, toluene, 
xylene, naphthalene, TOC 

Organic loading 

Organic loading, TOC 

Organic loading, TOC 

Number of organics 

Toluene, organic loading, 
number of organics 

Xylene, organic loading 

Chlorinated compounds 

Tetrachloroethylene 
(carry-over?) 

Tetrachloroethylene 
(carry-over?) 

Carbon tetrachloride, 
trichloroethylene 

Dichloroethane 
Dichloroethane 



Carbon tetrachloride, xylene, 
number of organics 

Dichloroethane, (dichloro- 

propane, naphthalene 

(ail carry-over?) 

Dichloroethane, 
xylene (carry-over?) 
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In attempting to decide whether carry-over of organics is occurring, it is 
instructive to examine the intake water data. The reason for this is that in some 
of the cases listed above, significant organics are found in used cooling water 
discharges (i.e. sites 23 and 29) that are downstream of sites apparently discharging 
the same organics. Table 81 lists the organic compounds, and frequency of 
occurrence, of organics found in Samples Indicating River Water Quality, i.e. 
industrial, municipal and private intakes in addition to river water samples. This 
data summarizes all sampling occasions {1975, 1977 and 1978) in order to maximize 
the database. It is clear that fewer compounds were observed in the intakes than 
in the effluents (cf. Tables 78, 79 and 81) but that similar compounds are most 
prevalent, i.e. methylene chloride, chloroform, carbon tetrachloride, 
1,2-dichloroethane, tetrachloroethylene and benzene. Naphthalene was not 
observed in any intake implying that it is easily lost, perhaps by sedimentation (it is 
insoluble in water), bio-degradation or bio-accumulation. Comparing the incidence 
by site (i.e. number of sites compound observed at divided by number of sites) the 
following figures are obtained: 



Methylene Chloride 

Chloroform 

Carbon tetrachloride 

1,2-Dichloroethane 

Trichloroethylene 

Tetrachloroethylene 

Dichloro pro peine 

Vinyl Chloride 

Benzene 

Toluene 

Xylene 

Naphthalene 





Water Quality 


Effluents 


Samples 


0.65 


0.69 


0.71 


0.56 


0.52 


0.63 


0.58 


0.81 


0.25 


0.13 


0A5 


0.63 


0.(f8 


0.31 


0.42 


0.19 


0.58 


OAi^ 


0A2 


0.19 


0.52 


0.38 


0.23 


W: 



These values show some small differences, viz. dichloroethane and 
tetrachloroethylene more widespread in Water Quality Samples than in effluents, 
but otherwise are quite similar. 



Fi gure II. Loadin g. TOC and No. of Or a onics vs. Site 

(from Table SO) 



Mean Loadin g 

(loop's K g lDa y) 
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TABLE 81 

Overall Frequency of Occurrence o{ 

Orfianics in River Water 

Quality Samples 







By Site^^ 


By Sample 




Code 


(out of 16) 


(out of 1*2) 


Vinyl chloride 


M 


3 


3... 


Methylene chloride 


P,C,M 


11 


i$ 


Chloroform 


C 


9 


U 


Dichlorobromomethane 




6 


^ 


Carbon tetrachloride 


C 


10 


m 


1, 1 -Dichloroethane 


P,M 


t 


1 


1,2-Dichloroethane 


P,C,M 


13 


M 


Bromochloroethane 


P,M 


1 


i 


Tetrachloroethane 


M 


i 


1 


Dichloropropane 




5 


#' 


Trichloroethylene 


M,C 


2 


t: 


Tetrachloroethylene 




10 


If 


Bis{chloroisopropyl)ether 




1 


I 


Dichlorobenzene 




2 


^. 


Benzene 


e 


7 


7 


Toluene 




3 


5 


Xylene 




6 


11 


Ethylbenzene 




1 


l 


Trimethylbenzene 




2 


t 


Diethylbenzene 




1 


1 


Cumene 




1 


I 


Dimethyldiethylbenzene 




1 


t 


t-Butanol 




2 


1 


Decanol 




1 


t 


Octadecanol 




1 


I 


5 - n - bu ty 1 - if - nonene 




1 


I 


Hydrocarbons 




1 


X 



detected on at least one occasion at a particular site 
P mutagenic activity detected in present study 
C known carcinogen 
M known mutagen (see Biohazards Report) 
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The distribution of the six most widespread compounds in Water Quality 
samples is illustrated in Figure 12 for the site numbers, and number of analyses, 
listed in Table 82. Values for site I, Lambton Water Supply System, are probably 
not representative since these samples are of finished water. Nevertheless, the 
distributions are remarkably similar. Methylene chloride and chloroform are 
widespread in the entire system whereas the other chlorinated compounds do not 
become prominent until Dow Chemical, site 5. The occurrence of benzene appears 
to be linked to the refineries operations at Imperial Oil and Shell Canada since it is 
observed below these sites. Considering the cases where carry-over is suspected 
(from page lit^^) at effluent site 22 (Sunoco Incorporated Total Discharge) 
tetrachloroethylene was also found in the intake, similarly for site 23 (Shell Canada 
Used Cooling Water). Dichloroethane was found in the intake to Beker Industries. 

As yet no reference has been made to the concentration factor: in the 
site-by-site discussion that follows, additional significance is attached to com- 
pounds that are observed regularly in excess of 100 ppb and sporadically in excess 
of 1 ppm. While these figures are purely arbitrary, and may appear high, they are 
thought reasonable since dilution effects will reduce the impact except in the 
immediate vicinity of each outfall. 



i) Industrial Effluents 
Imperial Oil 

The Imperial Oil operation on the St. Clair River involves typical refinery 
processes to prduce a range of petroleum products. Wastes are discharged through 
three sewers, which carry the water from oil/water separators (//3, #9 and //1 1,12 
Separators); one also discharges treated waste from a Bio-oxidation unit. Earlier 
in this section the Bio-oxidation effluent was identified as a potential area of 
concern on the basis of a high mean TOC (26.7 mg Carbon/liter) value and aromatic 
hydrocarbon discharges; this is borne out by the analytical results. The separator 
effluents had low mean TOC values (3 - 8.3 mg Carbon/liter, Table I, page 15) and 
organJcs were occasionally observed at low ppb levels (see Tables i^ to 7). The only 
significant occurrence was methylene chloride observed in all samples (5) collected 



Figure 12. Frequency of Occurrence of Selected Or a anics 
^- Water Quality Site(from Table 82) 



Mett i ylene Chloride 







I 




I 



Chloroform 
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TABLE 82 

Code Numbers of Sites for 
Figure 12 

Code tf Site // of analyses 

1 Lambton Water Supply System 2 

2i River Water - Bluewater Bridge # 

I Imperial Oil Limited - Intake 2 

% Polysar Limited - Intake $ 

5 Dow Chemical - North Intake i 

4 River Water - Dow Chemical/ % 

Sunoco Incorporated 
Fence Line 

f Sunoco Incorporated - Intake 2 

I River Water - Sunoco Below Dock I 

f Shell Canada - Intake I 

10 River Water - Talford Creek I 

it Allied Chemical - Intake i 

12 Private Residence Intakes 5 

13 Beker Industries - Intake I 
I't Canadian Industries - Intake 1 
15 River Water - Sombra Ferry Dock 5 
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from the //9 Separator effluent in May 1978: the levels ranged from 1-1^*2 ppb 
but, without corresponding intake water samples, it is difficult to conclude that 
this effluent is a source of methylene chloride. Other chlorinated compounds were 
occasionally observed at trace levels. Unfortunately, only a single sample of the 
Bio-oxidation effluent was analyzed (Table 8, page i^i^h chloroform was observed 
at 3 ppb and benzene at 86 ppb, xylene and petroleum hydrocarbons were also 
present. This level of benzene may be significant and this site should be the 
subject of further study. 

A 1975 sediment sample taken above Polysar (exact sampling site unknown) 
showed the highest level for solvent extractables of any on the St. Clair in 1975 
(Table 61). No organics were identified in 1975. Relevant 1977 PCB samples 
(Figures 6 and 7 page 22) and concentrations (Tables 63 and S'f, pages 100 and 101) 
are: 

River Stations. American Shore: //16 (not detected), #17 (not 

detected), #19 (2^^ ppb) 
Canadian Shore: if[k (22 ppb), #15 (not detected), 

#18(21 ppb) 

Industrial Stations. #it - //7 (not detected), #8(19 ppb) 

The PCB results are comparable to the lowest levels encountered on the river, 
suggesting that they are background values. The solvent extractable value, while 
not specifically implicating Imperial Oil, certainly suggests that an outfall in this 
area (the others being Sarnia STP and Esso Chemical Canada Limited Pressure 
Sewer) is a major contributor of less water soluble organics to the river. 

With the exception of the chlorinated methanes, which appear to be ubiquitous 
in the St. Clair system, the organics identified in the lOL effluents are consistent 
with refinery operations. The presence of the lower aromatics implies that the 
more liazardous polycyclic aromatic hydrocarbons (PAH's) may also be present. 
This stiould be investigated. Table 1 also shows that lOL is the third largest 
contributor of organics to the St. Clair, discharging approximately 1000 kg organic 
carbon per day. 

Esso Chemical Canada Limited 

Previous discussion showed that Esso's only discharge, a pressure sewer, may 
be of concern because of high TOC (mean 3^.7 mg Carbon/liter, Table 1) and the 
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occurrence of aromatics. Although the TOC is quite high the low flow reduces the 
loading impact. 

The large TOC values are consistent with the organic analyses, Table 9, which 
also illustrate the immense variability of industrial effluents. Samples taken on 
four days were analyzed (Table 9, page if 5). In one case organics were only 
observed at low concentrations ( 6 ppb) but, in all other cases, at least one 
component reached ppm levels: this component varied and was either naphthalene, 
methylnaphthalene or toluene. The day-to-day variations observed for methyl- 
naphthalene were: 



May 10, 1977 ppm level 
May 31, 1977 (grab) 6 ppb 

June 21, 1977 (grab) 3 pp^ 

July 12, 1977 (grab) trace 

Similar variations were apparent for other compounds. The compounds observed 
appear to be derived from the plants raw materials, i.e. petroleum; no product 
related components were observed although it is likely that most, with the possible 
exception of vinyl chloride monomers, are non-volatile. 

The Esso sewer discharges in ainongst those from Imperial Oil and hence the 
same sediment sites are relevant. It appears that PCB's are not generated at this 
plant. The high solvent extractable value obtained for the "above Polysar" site in 
1975 may well be related to the high TOC and high concentration of organics in the 
Esso sewer since sediments tend to accumulate the less water soluble materials, 
e.g. aromatics. 

The aromatic compounds observed are consistent with the use of petroleum 
products. The effectiveness of abatement equipment put into service since the 
time of sampling involved in this study should be examined, particularly for the less 
volatile aromatics, since, should these be present, the sewer presents a major 
hazard. While it is true that the concentrations will be diluted in the river, some 
aromatics tend to have a high bio-accumulation potential ("Blue Book" page it9) and 
the hazard will mainly be to biota in the vicinity of the outfall. 
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Polysar Limited 

Polysar maintains a series of plants that produce polymer precursors for sale 
or use elsewhere in the plant. Typical precursors are benzene and derivatives 
(ethylbenzene, styrene) and final products include polybutadiene, polyisoprene, 
butyl latex and 5BR/NBR co-polymers. Wastes are discharged through five sewers: 

Township Ditch 

5V' Sewer 

66" Sewer 

Stereo API 

72" Sewer 

The Township Ditch receives used cooling water from Polysar and several smaller 
companies (Cabot Carbon, Fiberglas of Canada and Monsanto), plus run-off from a 
tank farm (Esso) and leachates from several landfill sites. A 1975 sample of the 
Fiberglas effluent showed low levels of chlorinated organics (Table 10) and toluene. 
Three of Polysar's five sewers have been implicated earlier in this Discusion: 5't" 
Sewer, 66" Sewer and the Stereo API for high organic loading and TOC values. The 
66" Sewer because of high flow is, in fact, the largest contributor of ogranics to 
the St. Clair (5762 kg/day, Table 1, pages 15-17). Polysar itself has the largest 
overall loading. 

The Township Ditch, Table 11, page tt7, showed fairly low levels of a variety 
of chlorinated compounds on occasion and, in a 1975 sample taken above Polysar, 
vinyl chloride at 215 ppb. An examination of the Ditch to determine the origin of 
these compounds seems worthwhile. 1977 samples from the 5^^" Sewer (Table 12, 
page '^S) showed only trace levels of occasional organics, whereas a 1975 sample 
contained t-butanol at 376 ppm and vinyl chloride at 172 ppb. 1978 samples 
obtained over a two-day period (Table 13, page ^9) showed an isolated methylene 
chloride level of 28S ppb, t-butanol at up to i^i^O ppb and a variety of sporadic 
aromatics and polymer precursors (butadiene, styrene, etc.) at low levels ( 11 ppb). 
The 66" Sewer again illustrated the immense variability common in industrial 
effluents. In 1975 and 1977 the compounds observed were mainly attributable to 
polymer precursors, by-products (see Discussion, page 12'f) etc., and were generally 
at quite low concentrations. A greater number of compounds were identified in the 
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1978 samples (Table 15, page 51), possibly beca,use of Improved methodology, and 
included a variety of prominent chlorinated aliphatics. The results for the Stereo 
API Sewer show remarkable variations. Those collected in 1975 (Table 31) and 
1978 (Table 32, page 68) contained extremely high levels of aromatic hydrocarbons 
(1975 benzene at lit9 ppm, 1978 benzene at 105 ppm) whereas the 1977 results 
indicated the presence of the same compounds but at much lower levels. There 
appears to be no explanation for this discrepancy. The high concentrations are in 
agreement with the 1977 TOC values (mean 77.1 mg Carbon/litre, Table 1, page 15 
ff.). In 1978 both grab and automatic samples were collected and show differences 
the automatic samples being generally lower. It is thought that this discrepancy is 
due to a variable amount of headspace in the automatic samples which is 
particularly important at these high levels. 

1977 samples for the 72" Sewer were consistent with the low TOC values (mean 
5.6 mg Carbon/liter, Table 1) whereas the 1975 sample showed ppm levels of 
t-butanol and i-propanol. Since the 1975 study used a specific method for alcohols, 
which do not purge well, it is possible that they were simply not detected in 1977. 

Sediment stations (Figures 6 and 7, page 22) and PCB concentrations (Tables 
63 and 6k, page 100 ff .) in the vicinity of Polysar are: 

River Stations. American Shore: //21 (4*^ ppb) 

Canadian Shore: //20 (75 ppb), #22 (605 ppb) 

Industrial Stations. //9, //ll (not detected), #10 (285 ppb), 

//12 and 13 (186 ppb) and //l^t (12 ppb) 

These values are significantly higher than those found further upstream and 
imply that a sewer in this area is, or has previously been, a source of PCB's. 
Certain chlorinated compounds were also identified in 1975 sediment samples 
(Table 62, page 99). The fairly large solvent extractable values, 1.2 to 3.9 g/kg dry 
weight, Table 61, page 98, are consistent with the high levels of low solubility 
aromatics. 

The majority of the organics detected in Polysar's effluents are related to 
their polymer operation, i.e. butadiene, styrene and other aromatics. The origin of 
the chlorinated compounds is not obvious and it may be that these are used as 
solvents. There is no doubt that most sewers need further examination to confirm 
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earlier results but, in the case of the Stereo API sewer, sufficient samples were 
analyzed to indicate that this effluent presents a serious environmental hazard. It 
may be, since these samples were collected in a 2't-hour period, that 100 ppm 
levels of benzene are uncommon, and a detailed examination is recommended. 

Dovj Chemical Canada Limited 

Dow operates a series of units on the St. Clair River which are arranged to act 
in conjunction producting a wide range of organic materials. In particular the plant 
produces styrene, glycols and derivatives, polymers, chlorine and chlorinated 
solvents, and caustic soda. Raw materials are brine from caverns and light 
hydrocarbons from other plants in the area. Dow has the largest number of sewers 
(nine) discharging to the St. Clair and although most have low TOC values (Table I, 
pages 15-17) the sheer volume causes Dow to be the second largest contributor of 
organics to the river. 

In earlier discussions, all Dow sewers were implicated on the grounds of 
possible chlorinated organic discharge and specifically: the 54" Sluice for the 
number of organics; the Third Street Sewer for toluene discharge, organic loading 
and number of organics; the Fourth Street Sewer for xylene and organic loading. 

The 42" Sewer (Table 19, page 55) contained trace levels of chlorinated 
organics in 1977 in spite of relatively high TOC values (6 - 22.5 mg Carbon/liter, 
Table A6). Rather more compounds were observed in this sewer in 1975, including 
carbon tetrachloride at 110 ppb and trichloroethylene at 102 ppb. A reasonable 
conclusion from the high TOC values is that the majority of organics in this sewer 
are non- volatile. In 1977 a variety of organics were found in the 48" Sewer (Table 
20, page 56) including carbon tetrachloride (13 ppb), dichloroethane (9 ppb) and 
benzene (8 ppb). Fewer compounds were observed in 1975 but carbon tetrachloride 
was observed at 20 ppb. These findings are consistent with the low TOC values 
obtained (2.5 - 5.5 mg Carbon/liter, Table A6). The Acid Tile again showed 
moderately high TOC values (6 - 17 mg Carbon/liter) but few organics (Table 21, 
page 57). A greater variety were found at trace levels in 1977 but those found in 
1975 showed higher concentrations, viz. carbon tetrachloride (110 ppb) and chloro- 
form (13 ppb). Results for the 54" Sluice are interesting: two samples collected in 
1977 (one grab, one composite) contained only trace levels of various organics 
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whereas two grab samples (one in 197 5, the other in 1977) showed fairly high levels 
of chlorinated compounds. In 1975, these compounds were chlorofrm (912 ppb), 
dichlorobronnomethane (150 ppb), dibromochloromethane (66 ppb) - the ratio of 
these may suggest their production as by-products of aqueous chlorination - and 
carbon tetrachloride (1390 ppb). In 1977 djchloroethylene and dichloropropane 
were identified at ppm levels. This sewer certainly requires a more detailed study. 
The Second Street Sewer again contained chlorinated organics: in 1977 dichloro- 
ethane (168 ppb) was significant in contrast to chloroform (70 ppb), dichlorobrorno- 
methane (21 ppb) and carbon tetrachloride (13 ppb) in 1977. The Third Street 
Sewer results (Tables 2^, 25 and 26, pages 60, 61 and 62) are quite curious: in 1975 
the sewer contained carbon tetrachloride (1378 ppb) and very high levels of 
benzene (30 ppm), toluene (25 ppm), xylene (25 ppin) and styrene (200 ppm). In 
1977 similar compounds, although more varied, were detected but concentrations 
of this magnitude were only observed in one grab sample: benzene (9^*0 ppb), 
toluene (2't5 ppb), xylene (1^*00 ppb) and styrene (1320 ppb). It is certainly 
conceivable that the low values observed otherwise resulted from large 
head-spaces as discussed previously, although Dow have reported significant 
effluent improvement, indicated by TOC values, between 1975 and 1977. In May 
1978, no aromatics were observed, only a variety of chlorinated compounds 
including methylene chloride (1-118 ppb) and carbon tetrachloride (not detected to 
250 ppb). In October 1978, the aromatics present were at high levels and were 
quantitated by Direct Aqueous Injection: chlorinated compounds were not 
observed. As a result of an incident these samples contained high ( 3 ppm) levels of 
the aromatics observed previously. In some cases the aromatic levels were so high 
that distinct organic/water layers formed. This hampered the analyses and implies 
that the levels presented in Table 26 are probably underestimates. While 
concentrations observed following the incident may not be representative, they 
demonstrate the enormous effect of industrial incidents. 

The DOEO (Table 27, page 63) Sewer had low TOC values (2 - 5 mg 
Carbon/liter, Table A6, page 179) and correspondingly low organics: methylene 
chloride (47 ppb, 1977), carbon tetrachloride (15 ppb, 1975) and t-butanol (3 ppm, 
1975). t-Butanol is easily bio-degraded and not regarded as especially significant. 

Dow Fourth Street Sewer showed high organic loading (Table I, pages 15-17) 
but this mainly arises because of the high flow rates. A variety of organics - again 
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chlorinateds and aromatics - were detected (Table 28, page 6^*); the most 
significant being carbon tetrachloride (100 ppb) in 1975. 

The Steam Plant sewer (Table 29, page 65) showed a high level of t-butanol 
(3 ppm) in 1975 but otherwise only low levels of chlorinated compounds (16 ppb). 
This is in keeping with the low TOC values (2.5 - 6 mg Carbon/liter, Table 16, page 
52). 

Sediment samples (Figures 6 and 7) and PCB concentrations (Tables 63 and (yk, 
pages 100 and 101) in the vicinity of Dow are: 

River Stations. American Shore: //23 (70 ppb) 

Canadian Shore: #22 (605 ppb), im (3370 ppb) 

(Sample 22 is slightly upstream of Dow) 
Industrial Stations. #15 (11 ppb), //16 and 17 (10,000 ppb) 

#18 (2280 ppb), //1 9 (368 ppb) 

Sediment Analysis performed on sediment samples collected in 1975 showed a 
variety of chlorinated organics; approximation quantitation was performed for one 
sample and suggested the levels were as high as WQ ppm (Table 62, page 99). The 
solvent extractable values (Table 61, page 98) again suggest the release of 
relatively water insoluble fnaterials. At the time of writing, the results of GC/MS 
analyses on samples extracted and fractionated by Dr. R. D. Smillie, OTC Section, 
have become available. While these analyses were purely qualitative, high levels of 
RGB's (confirmed by this GC/MS analysis), aromatics (diphenylether, biphenyl, 
methyibiphenyl and diphenylmethane) and PAH's (anthracene, pyrene, fluoranthene, 
benzanthracene, benzopyrene, carbazole and derivatives) were observed. 

The variety of compounds observed in the vicinity of Dow are clearly related 
to the polymer (aromatic organics) and chlorinated comf>ound production. 

Sunoco lncorp)Qrated 

Sunoco maintains a refinery operation on the St. Clair River capable of 
processing 90,000 barrels/day. Waste material is discharged via a single sewer. 
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In previous discussion it was indicated that this effluent showed low TOC, 
organic loading and number of organics. The only area of potential concern might 
be the presence of tetrachloroethylene although the proximity of this operation to 
the discharges of Dow, where chlorinated compounds are common, suggests that 
carry-over might be occurring. The TOC values measured {3.5 to 10 mg 
Carbon/liter, Table A8, page 181) are indeed low and consistent with the organics 
observed (Table 30, page 66). Initial screening in 1975 revealed only trace levels 
and the sample was not analyzed further. The sample analyzed in 1977 contained 
trace levels of several organics, all chlorinated, but as several (chloroform, 
dichloroethane, tetrachloroethylene and bischloroisopropylether) were also 
observed at similar levels in the intake water (Table 'f9, page 86), the conclusion 
that these compounds originate upstream is inescapable. 

Relevant sediment sites (Figures 6 and 7, page 22) and PCB concentrations 
(Tables 63 and 6U, page 100 ff.) are: 

River Stations. American Shore: //27 (98 ppb) 

Canadian Shore: /flit 0370 ppb), #26 (135 ppb), 

//28 (137 ppb) 

(With the exception of //2't these are 
quite far downstream of Sunoco) 

Industrial Stations. //20 (SO ppb) 

The solvent extractable value obtained at a site below Dow was very low 
mo mg/kg dry weight. Table 61, page 98) and the only organics identified at this 
site (Table 62, page 99) were aliphatic hydrocarbons. Although the PCB values 
obtained in the vicinity of Sunoco were high it is difficult to conclude whether this 
implicates Sunoco, since the values obtained upstream are also high. From the 
rather limited evidence presented it appears that Sunoco's operation does not 
present much environmental concern although this might be confirmed in another 
study. 

Shell Canada Limited 

Shell operates a refinery on the St. Clair River with a capacity of 90,000 
barrels/day. Water is drawn directly from the river but wastes are discharged 
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through two sewers to TaJford Creek. Since at times the company's discharge 
constitutes the majority of the flow in the Creek, the River Water, Talford Creek, 
results are also relevant here. One of the two sewers is used to discharge used 
cooling ("clean") water while the other receives process wastes ("contaminated"). 

Both sewers have shown, from early discussion, the potential for discharging 
chlorinated compounds although other criteria suggested no significant hazard. 
The TOC and loading figures (Table 1, page 15 ff.) were low in 1977. The clean 
water sewer, Table 31, page 67, showed trace levels of four compounds two of 
which, dichloropropane and benzene, were identified at similar levels in the intake 
water. Rather more compounds were observed in the contaminated water sewer 
but none were observed in excess of 12 ppb (methylene chloride). Once again, two 
of the compounds were observed in the intake water. The Talford Creek sample 
(Table 52, page S9) showed rather higher levels of organics than either of Shell's 
sewers but none exceeded 9 ppb (chloroform). 

Relevant sediment samples (Figures 6 and 7, page 22) and PCB concentrations 
(Tables 63 and 6^*, page 100 ff .) are: 

River Stations. American Shore: //33 (9 ppb), //35 (17 ppb) 

Canadian Shore: //30 (275 ppb), //32 (53 ppb) 



(Station 30 is slightly upstream of Shell) 



Industrial Stations. //21 (3'tS ppb) 



Solvent extractable values were low by the Shell Dock m37 mg/kg dry weight) and 
somewhat higher at the mouth of Talford Creek (1530 mg/kd dry weight, Table 61, 
page 98). 

As with Sunoco, significant PCB levels were found in sediments from the 
vicinity of Shell Canada but the remainder of the evidence indicated that the 
organic discharge is of minimal significance. It appears that the majority of 
organics observed again originate upstream. It is interesting that product -related 
organics (i.e. aliphatics and aromatics) were not observed at this site. This may 
well reflect abatement improvements made since 1968 as oil discharges were a 
major concern at that time. 
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Ethyl Corporation of Canada Limited 

The Ethyl plant is mainly concerned with the production of alkyl lead 
compounds and lead scavengers (dichloroethane) for use in gasolines. Part of the 
plant produces pharmaceuticals which contribute little to the discharge. Waste 
materials are discharged via a single sewer. 

In the earlier discussion, it was shown that pjossible concern might arise from 
the discharge of dichloroethane. TOC values were low (3-10 mg Carbon/liter, 
Table A 10) as was organic loading. The organic results (Table 33, page 69) 
indicated the presence of a variety of chlorinated organics with certain comjxjunds 
occasionally reaching ppm levels. This occurrence appears quite frequent, viz 
1,2-dichloroethane 1 ppm in 3 out of 5 samples; chloroethane, trichloroethane, 
1,2-dibromoethane and trichlorobutane 1 ppm on 1 out of 5 samples. The sample 
collected on May 10, 1977, was curious in that the only component identified was 
dichloroethane at trace levels. 

Sediment sampling sites (Figures 6 and 7, page 22) in the vicinity of Ethyl and 
the PCB concentrations (Tables 63 and 6^, page 100 ff.) are: 

River Stations. American Shore: //33 (9 ppb), //35 (17 ppb) 

Canadian Shore: //32 (53 ppb), //3't (6^6 ppb) 



(Station 32 is slightly upstream of Ethyl's 
discharge; //3't is downstream close to DuPoni 



Industrial Station. //22 (395 ppb) 



Although the PCB concentrations seem to be generally quite high along the 
Canadian bank downstream of Dow, there is a sharp increase at station 34 (6*^6 ppb) 
that implicates Ethyl as another past or present PCB source. This would seem to 
correlate quite well with the discharge, frequently very high, of chlorinated 
compounds. Clearly, this effluent may present an environmental hazard. 

DuPont Canada Incorporated 

The DuPont plant produces polyethylene from locally obtained ethylene. The 
operation is such that discharge through the single sewer is generally clean, at 
least visually, although p>olymer pellets are occasionally observed. 
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The only possible concern suggested previously was the frequent occurrence of 
dichloroethane in this discharge. The TOC values and net organic loading 
(calculated assuming an intake value of 't mg Carlx)n/liter) are both low (Table 
A 10). The analytical results indicated the frequent presence of chlorinated 
compounds, particularly methylene chloride (5-10 ppb) and dichloroethane Ct-ieJ 
ppb), and benzene and toluene on isolated occasions (Table 3^, page 70). 

Relevant sediment sites (Figures 6 and 7, page 22) and PCB concentrations 
(Tables 63 and 64, page 100 ff .) are: 

River Stations. American Shore: //35 (17 ppb) 

Canadian Shore: //3't (646 ppb) 

Industrial Stations. #23 (130 ppb), #24 (270 ppb) 

A 1975 sediment sample downstream of DuPont showed a quite high solvent 
extractable value (4010 mg/kg dry weight, Table 61, page 9S). 

It is unfortunate that DuPont Intake water samples were not obtained in 1977. 
This portion of the river, in the vicinity of Stag Island, has several industries close 
to one another, i.e. Ethyl, DuPont and Petrosar. The organics detected in the 
DuPont effluent were similar to those observed at much higher levels in the Ethyl 
discharges suggesting that their origin is upstream. The location of the sediment 
samples makes it difficult to pinpoint a source of PCB's but, in view of the quite 
dramatic jump at site #34, it seems likely that there is one in this area. It seems 
reasonable to conclude that DuPont's operation is essentially clean although 
confirmation of the presence of chlorinated compounds in the intake water seems 
desirable. 

Petrosar Limited 

No Petrosar samples were analyzed for organic compounds. The design of the 
refinery is such that water usage is minimized and the wastes well dispersed (see 
Background Information). 

The TOC values, summarized in Table 1, suggest that the organic contribution 
to the river is fairly low. 
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Union Carbide Canada Limited 

This plant was in the process of completion during the 1977 study and as a 
result, neither TOC nor organic analyses were performed. 

Since the plant, like DuPont, is concerned with the production of polyethylene 
organic discharges are likely to be minimal, and limited to occasional polymeric 
material. 

Allied Chemical Canada Limited 

The Allied plant (now closed down) in 1977 was producing toluene 
di-isocyanate for use in a variety of polyurethane formulations. Wastes are 
discharged via a single sewer. 

Possible concerns identified earlier were the number of organics and discharge 
of carbon tetrachloride and xylene. The TOC values and loadings, Table I, indicate 
a very low contribution of organic material to the river. Nevertheless, a variety of 
chlorinated compounds, aromatics and chloroaromatics were observed (Table 35, 
page 71). In 1975, chloroform (202 ppb) and carbon tetrachloride (981 ppb) were 
the only organics identified. 1977 analyses showed consistent concentrations of a 
variety of compounds, most significant being carbon tetrachloride (trace to 66 
ppb), dichloroethane (trace to 37 ppb), dichlorobenzenes (trace to 138 ppb) and 
trichlorobenzenes (trace to 80 ppb). It appears that Allied was certainly a source 
of chlorinated benzenes since these compounds, unlike the others, were not 
detected upstream. The intake water samples showed only carbon tetrachloride 
(1975) and dichloroethane (1977). 

Sediment samples (Figures 6 and 7, page 22) in the vicinity of Allied and the 
corresponding PCB concentrations (Tables 63 and 6^*, page 100 ff.) are: 

River Stations. American Shore: //39 (125 ppb), #£^3 (18 ppb) 

Canadian Shore: ffW (38 ppb), mi (95 ppb), ^2 (17^* ppb) 

Industrial Stations. //26 (68 ppb), //27 {lOtt ppb), #28 (not detected) 

(Stations mi to k3 and //28 are quite far 
downstream) 
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A 1975 solvent extractable value obtained for a sample downstream of Allied 
{Table 61) was high at 5206 mg/kg dry weight although no volatile organics were 
identified. This suggests a source of water-insoluble compounds in the vicinity of 
Allied and is consistent with the discharge of aromatics. There also appears to be 
a source of PCB's in the area. The observation of chlorobenzenes is also 
interesting since these were otherwise only observed at Dow and in Water Quality 
samples downstream of Allied. Thus it appears that Allied, despite low TOC 
values, contributed significant organics to the river although, once again, upstream 
origin cannot be excluded. 

Beker Industries of Canada Limited 

Beker produced ammonia for use in fertilizers. Plant wastes were discharged 
via two sewers, one handling process wastes (API) and the other used cooling water. 

Potential problem areas were discharge of chlorinated compounds from the 
used cooling water, quite likely carry-over, and dichloroethane and xylene from the 
API sewer. The TOC and organic loading were clearly low (Table 1). The organics 
observed (Table 36, page 72) were chlorinated hydrocarbons and aromatics: most 
were of low concentration with the exception of xylene (290 ppb) in the API sewer. 

Relevant sediment sites (Figures 6 and 7, page 22) and PCB concentrations 
(Tables 63 and 6k, page 100 ff .) are: 

River Stations. Canadian Shore: //53 (68 ppb) 

Industrial Stations. //30 {U7 ppb), //31 (20 ppb) 

(Site //30 is upstream of Beker) 

1975 solvent extractable analyses indicated low values in sediments from the 
vicinity of Beker, no organics were identified. 

It seems, again, highly likely that the majority of compounds observed at 
Beker originate upstream especially as chlorinated compounds were observed in the 
intake water. 
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Canadian Industries Limited 

This plant, like Beker, is mainly concerned with the production of ammonia 
and inorganic fertilizer. Wastes are discharged via a single sewer. 

The CIL operation is essentially clean with regard to organics. Both TOC and 
organic loading values are low {Table 1). The organic analysis (Table 37) showed 
only trace levels of the lower chlorinated organics although several were detected 
in a 1975 in-plant sample. 

Sediment samples (Figures 6 and 7, page 22) and PCB concentrations (Tables 
63 and 6^*, page 100 ff.) in the vicinity of CIL are: 



River Stations. American Shore: //55 (122 ppb) 

Canadian Shore: //5't (98 ppb), //56 (556 ppb) 

Industrial Stations. #32 (152 ppb) 

Solvent extractables were low and no organics were identified in 1975. 

The PCB data appears to indicate a source in the vicinity of CIL: this is 
difficult to explain in light of the chemical operation. 

ii) Sewage Treatment Plant Effluents 

Three sewage treatment plant final effluent samples were analyzed: the 
results are presented in Tables 38, 39 and W, page 7^* ff. All showed low ppb 
concentrations of chlorinated aliphatics. Since some of these are known to be 
produced during aqueous chlorination their occurrence is not unreasonable. Others, 
for example dichloroethane, tri- and tetrachioroethylene in Sarnia STP, may well 
arise from industrial sources. The only anomaly in these results is the observation 
of high ppm, concentrations of aromatics in the Point Edward effluent. This is 
believed to have an industrial origin - either spillage or dumping - and requires 
further study to determine the frequency with which this can occur. 
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lii) Samples Indicating Water ^^uality 

These results have, to an extent, been examined previously in the discussion, 
and the distribution of organics bears a striking resemblance to the effluents 
(Figures 9, 10, 11 and 12). The organic analytical data is presented in Tables 'tl to 
57. 

The major conclusion that is apparent from the organic data is that the quality 
of the river water samples is remarkably good, especially when the vast quantity of 
industrial effluent discharged to the river is considered. In the following discussion 
only the unusual results are addressed. 

One sample of the Lambton Water Supply System finished water showed a high 
(95 ppb) level of methylene chloride. There appears to be no obvious explanation 
for this level since this site is above the industrial plants. Possible explanations 
include depuration of dredge spoils, aerial transport and industrial activity within 
the Lake Huron Basin. Eight repeat samples (four of raw water and four of treated 
water) collected on different days early in 1980 showed low levels of methylene 
chloride ( 5 ppb) and are far more in line with other treatment plants (cf. Routine 
Monitoring data Tables 71, 72 and 73, page 108 ff.). 

Dow Chemical's North Intake contained 3 ppm of t-butanol in 1975 (none was 
found in 1977). Although this level is high it is not considered hazardous because of 
the bio-degradability of alcohols. Dow's South Intake contained 67 ppb of carbon 
tetrachloride in 1975 which is presumably related to the Dow operation since this 
compound was frequently observed in Dow effluents. River water samples from 
below [3ow (Table i*&) frequently contained many of the compounds observed in 
Dow's effluents. 

One 1975 sample from the Shell Canada Intake (Table 51) contained carbon 
tetrachloride at 91 ppb which, again, may be related to Dow's effluents. 

The private water supplies, Table 54, contained a variety of chlorinated 
organics at low levels ( 20 ppb), including dichlorobenzene. The latter compound 
was only observed in Water Quality samples below Allied Chemical, apparently 
confirming Allied as a source of this compound. 

The 1977 sample from Beker Industries intake water contained methylene 
chloride at 50 ppb. Again no explanation is obvious. 
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iv) Samples Dependent on Water Quality 

As described previously, two types of sample fall into this category, fish and 
bottom sediments. Sediment data has already been discussed in relation to the 
Industrial Effluents and so the following will be restricted to the fish data. 

Unfortunately, no data is available on fish size, age or exact site of capture 
which somewhat limits the conclusions that can be drawn. All fish samples 
analyzed showed the presence of hydrocarbons, often at very high levels, which 
tends to have two effects on the analyses. Firstly, it restricts the amount that can 
be purged since oil causes foaming which can, if care is not taken, reach the Tenax 
trap. Secondly the hydrocarbon envelope tends to obscure the presence of other 
compounds, particularly if they are present at low levels. This may account for the 
fact that chlorinated compounds were not observed in fish from the St. Clair River. 

Aromatic hydrocarbons were detected in all fish analyzed although 
quantitation was not always possible, for the reasons given above. Compounds of 
this class are known to have a high bio-accumulation potential as is illustrated by 
comparing the results with those for the industrial effluents. There were no 
obvious variations with species {Table 60) although the database is rather limited. 

These results confirm that discharge of organics can present an environmental 
hazard, even when they are present at low levels, because the bio-accumulation 
potential may be large. Further discussion is contained in the Report on Fish 
Tainting and Toxicity {due to be released in Fall 1980). 

v) Other Samples 

Results discussed here are, as mentioned previously, obtained from samples 
not taken directly from the St. Clair River but rather from connected bodies of 
water (i.e. Lake Huron, Lake St. Clair, the Detroit River, etc.). 

The results for Wallaceburg STP Raw Sewage and Final Effluent (Table 65) are 
quite similar to those for STP's on the St. Clair itself. A variety of low level 
chlorinated and aromatic compounds were observed. The highest concentrations 
observed (5-15 ppb) were for chloroform and, as the level of chlorinated compounds 



- 166 



was generally higher in the effluent than in the raw sewage, this provides further 
evidence for the occurrence of aqueous chlorination. 

Data from the Little River 5TP, Table 66, and West Windsor STP, Table 67, 
are quite different to others exannined. Both show high (ppm) levels of organics in 
the raw sewage: dimethyl disulphide in both cases and diethylbenzenes in Little 
River. The difference is that the dimethyl disulphide remained in the West Windsor 
effluent but was absent from the Little River effluent. The diethylbenzene was 
also not observed in the Little River effluent. The Little River STP is in a heavily 
industrialized area and it seems likely that aromatics are being discharged to the 
sewer system but that they are effectively handled by the plant, which employs 
secondary treatment. In contrast, West Windsor is a primary plant, i.e. without 
aeration, which seems to account for the high dimethyl disulphide. Chlorinated 
compounds were also present in the West Windsor, but not the Little River, 
effluent. 

Samples from the Walpole Island Water Treatment Plant contained quite 
significant levels ( 60 ppb) of chlorinated compounds and aromatics (Table 68). 
Unfortunately, no intake water samples were obtained so the origin of these 
compounds is uncertain and requires further examination. 

Finished water from the A. 3. Brian Pumping Station, Table 69, was generally 
of good quality although methylene chloride was observed at 37 ppb. 

The only fish sample taken from Lake Huron, Table 70, was remarkably low in 
organics, whereas those from Lake St. Clair showed similar results to samples from 
the St. Clair River. 

In general, fish from Lake St. Clair showed lower concentrations than those 
from the St. Clair River although the same type of compounds, i.e. aromatics, were 
detected. It appears, largely on the basis of the single sample from Lake Huron, 
that the effects of the Industrial operations on the St. Clair are very obvious on the 
ftsfti One sample from Tremblay Creek, Lake St. Clair, contained 330 ppb 
tetrachloroethylene; again this is apparently related to the industrial operations. 
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Tables 71, 72 and 73 present considerable quantities of data from routine 
monitoring analyses for haloforms, carbon tetrachloride and trichloroethylene from 
sites where water is taken from Lake St. Clair and the Detroit River. In general, 
the Tilbury North samples, where water is taken from Lake St. Clair, have lower 
concentrations than the others. Raw water concentrations are invariably less than 
finished water, i.e. aqueous chlorination is implicated. Carbon tetrachloride is not, 
apparently, produced this way as it is never found in the finished water only. It 
would seem that this compound arises from industrial operations. The higher levels 
in samples where Detroit River water is used do not necessarily represent activity 
on the St. Clair River since the Detroit/Windsor areas are also heavily industri- 
alized. Furthermore, the concentration of chlorinated compounds may arise either 
from the compounds themselves or from high levels of precursors, i.e. compounds 
that form chloroform, etc. on aqueous chlorination. 
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Industrial Effluent TOC, Flow and 

Organic Loading 

Data 

Tables Al - A15 
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TABLE Al 



imperial Oil Limited - Discharge Data 



Flow (min-max) 
lOOO's m^/day) 



TOC (mR Carbon/ L) 
min. max. mean 



ifi Separator 
//9 Separator 
#11,12 Separator* 
Bio-oxidation (BIOX)* 
Intake 



5'f.6 - 68.2 
13.6 - 31.8 



3.5 

13.5 

2.13 



5.0 
18.0 

8.0 
62.0 

3.0 



3.0 

5.8 

26.7 

2.6 



Total discharge: 1 77,^*00 - 209,200 m^/day 
* Discharge through common outfall 



TABLE A2 

Imperial Oil Limited 
Discharge of Organic Carbon (kg/day) 





Min. Loading 


Max. Loading 


Mean Loading 


//3 Separator 


109.2 


SiH.O 


184.2 


#9 Separator 


2l$A 


982.8 


454.8 


tf 11,12 Separator 


191.1 


1^36. S 


314.0 


BIOX 


183.6 


1971.6 


605.4 


TOTAL 


702.3 


3732.2 


1558.4 


Intake 


35it.8 


717.6 


537.4 


Net Organic 








Carbon Discharged 


347.5 


3014.6 


1021.0 



Calculated as described on page 8 
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TABLE A3 



Esso Chemical Canada Limited 
Discharge and Organic Loading Data 



Pressure Sewer 



Minimum 



Maximum 



Mean/Avg . 



Discharge rate 
(1000 m^/day) 



9 A 



13.6 



ll.it 



TOC values 
(mg Carbon/liter) 



13.0 



S^f.O 



S'+.Z 



Discharge of Organic 
Carbon (kg/day) 



118.3 



11^2. i* 



395.1 



Organic discharge data calculated as 
described previously (page 8) 



Township Ditch 
^k" Sewer 
66" Sewer 
Stereo API 
72" Sewer 
Intake 
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TABLE M 



Polysar Limited - Discharge Data 

Flow (miD-max) 
(1000 m^day) 

2t5.5 

63.6- 81.8 

259.1 - 331,9 

2.7 

15.9- 20.0 



Total discharge 586,800 - 681,900 m^day 
* Mean of five values 





TOC (mg Carbon/L) 




min. 




max. 


mean 


2.5 




9.0 


%6 


9.5 




^^9.0 


29.6 


18.0 




33.0 


2'f.8 


69.0 




89. 5 


77.1* 


3.0 




9.0 


5.6 


i^.Q 




7.0 


5.3 



TABLE A5 

Polysar Limited 
Discharge of Organic Carbon (kg/day) 







Min. Loading 


Max. Loading 


Mean Loading 


Township Ditcli 
5'*" Sewer 
fo6" Sewer 
Stereo API 
72" Sewer 


613.8 

60't.2 

it663.8 

186.3 

1^7.7 


2209.5 

4008.0 

10952.7 

241.7 

180.0 


1374.8 

2151.9 

7337.3 

208.2 

100.2 


TOTALS 
Intake 




6115.8 

23£f7.2 


17591.9 
4773.3 


11172.4 
3330.3 


Net Organic 
Discharged 


Carbon 


3768.6 


12818.6 


7842.1 



Figures calculated as 
described on page 8 
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TABLE A6 



Dow Chemical Canada Limited 
DischarRe Data 





Flow (min-max) 




IOC (mR Carbon/L) 






(lOOO's m^/day) 


min. 


max. 


mean 


42" Sewer 


£H.8-69.I 


SM 


22.5 


10.2 


I+&" Sewer 


67.7 


2.3 


5.5 


3.6 


Acid Tile 


12.3 


^S 


17.0 


12.7 


5V' Sluice 


35.0 


2.5 


18.0 


7.3 


Second Street 


52.7 


11.0 


20.0 


15.8 


Third Street 


130.9 


10.5 


15.5 


13.6 


DOEO 


100.9 


2.0 


5.0 


3.3 


Fourth Street 


263.7 - 313.7 


6.11 


13.5 


8.1 


Steam Plant 


17.3 


.2, J 


6.0 


3.8 


Intake 


.if-; 


1.& 


5.0 


3.3 



Total discharge: 722,300 - 799,600 m /day 



Data supplied by T. E. Wood, Sarnia Regional Office 



174 



TABLE A7 



Dow Chemical Canada Limited 
Discharge of Organic Carbon (kg/day) 





Min. Loading 


Max. Loading 


Mean Loading 


1*1" Sewer 


250.8 


1554.8 


565.6 


ifS" Sewer 


169.3 


372.4 


243.7 


Acid Tile 


73.8 


209.1 


156.2 


54" Sluice 


87.5 


630.0 


255.5 


Second Street 


579.7 


1054.0 


832.7 


Third Street 


1374.5 


2029.0 


1780.2 


OOEO 


201.8 


504.5 


333.0 


Fourth Street 


1582.2 


4235.0 


2338.5 


Steam Plant 


43.3 


103.8 


65.7 


TOTALS 


4362.9 


10692.6 


6571.1 


Intake 


1083.5 


3998.0 


2511.1 


Net Organic 








Carbon Discharged 


3279.4 


6694.6 


4060.0 



Figures calculated as 
described on page 8 
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TABLE A8 



Sunoco Incorporated 
Discharge and Organic Loading Data 





Minimum 


Maximum 


Mean/Avg, 


Flow 


^_ 


-_.^ 


68.2 


(1000 m^/day) 








TOC 


3.5 


10.0 


4,1 


(mg Carbon/liter) 








Intake TOC 


2.0 


6.0 


5.f 


(mg Carbon/liter) 








Total Organic 


238.7 


682 


^129. 7 


Carbon Discharged 








Total Organic 


136.4 


'f09.2 


'2^^ 


Carbon Intake 








Net Organic 


102.3 


272.8 


163.7 


Carbon Discharged 









Loading data calculated as 
described on page 8 
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TABLE A9 



Shell Canada Limited 
Discharge and Organic LoadiriR Data 



Flow 
(1000 m^/day) 



min. 



TOC (mg carbon/liter) 



max. 



mean 



Contaminated 
Water 



100.0 



k.O 



6.5 



5.6 



Clean Water 
Intake 



120.9 



1.0 



0.5 



8.0 



5.5 



3.8 



3.2 



Total Discharge: 220,900 m /day 



Organic Carbon Loadings (kg/day) 



Min. 



Max. 



Mean 



Contaminated 
Water 



WQ.O 



650.0 



560.0 



Clean Water 



120.9 



967.2 



U59A 



TOTALS 
Intake 



520.9 
110.5 



1617.2 
1215.0 



1019.^ 
706.9 



Net Organic 
Discharge 



t^W.ti 



't02.0 



312.5 



Figures calculated as described on page 8 
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TABLE AlO 



Ethyl Corporation of Canada Limited 
Discharge and Organic Loading Data 



Flow 
(1000 m^/day) 



Min. 



34.5 



Max. 



i^iiA 



Mean/AvR . 
39.3 



TOC 
(mg Carbon/liter) 



3.0 



10.0 



5.3 



Total Organic 
Carbon Loading 



103 . 5 



ifH.O 



208.3 



Organic loading data calculated as 
described on page 8 



TABLE All 



DuPont Canada Incorporated 
Discharge and Organic Loading Data 



Flow 
(1000 m^/day) 



Min. 



Max. 



Mean/Avg . 



27.3 



TOC 

(mg Carbon/liter) 



3.0 



8.0 



6.3 



Organic Carbon 
Loading (kg/day) 



81.9 



218. 4 



172.0 



Organic loading calculated as 
described on page 8 
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TABLE A12 



Petrosar Limited 



Pis char Re and Organic Loading Data 



Flow (1000 rirday) 



Average Value 
22.8 



Discharge TOC (mg Carbon/liter) 



7.8» 



Intake TOC (mg Carbon/liter) 



3.3* 



Total Organic Carbon Discharged 
(kg/day) 



176.2 



Total Organic Carbon Intake in 
(kg/day) 



73.9 



Net Organic Carbon Discharged 
(kg/day) 



102.3 



* Average of two values 



Organic loadings calculated as 
described on page 8 
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TABLE A13 



Allied Chemical Canada Limited 
Discharfie and Organic Loading Data 



Flow (1000 m^day) 

Discharge TOC 
(mg Carbon/liter) 



Min. 



0.5 



Max. 



8.0 



Mean/Avg . 



Intake TOC 
{mg Carbon/liter) 



3.0 



8.0 



4.5* 



Discharge Organic 
Carbon (kg/day) 



8.2 



131.2 



68.9 



Intake Organic 
Carbon (kg/day) 



^^9.2 



131.2 



73.8 



Net Organic 
Loading (kg/day) 



•itl.O 



5.1 



* Mean of five values 



Organic loadings calculated as 
described on page 8 
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TABLE Al^t 



Beker Industries of Canada Limited 
Discharge and Organic Loading Data 

Min . Max . Mean/Avg . 



Coolinfi Water 



Flo^ " - 81.8 

(1000 nr/day) 

TOC 1.5 9.0 3.8 

(ing CarDon/liter) 

Organic Carbon 122.7 736.2 310.8 

Discharged (kg/day) 



API Sewer 

Flow — __ 0.9 

(1000 m7day) 

TOC 2.0 11.0 6.6 

(ing Carbon/liter) 

Organ ic Car bon 1.8 9.9 6.0 

Discharged (kg/day) 



Intake 

TOC (mg Carbon/liter) 1.5 it.O 2.3 

Total Discharge: 82,700 m^/day 



Total Organics 126.5 7't6.1 316.8 

Discharged (kg/day) 

Intake Organics (kg/day) 12^.1 330.8 190.2 

Net Organics Discharged 2.4 ^^15. 3 126.6 

(kg/day) 



Organic loadings calculated as described on page 8 
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TABLE A15 



Canadian Industries Limited 
Discharge and Organic Loading Data 



Min . Max . Mean/Avg . 

Flow (1000 m^/day) *■ -^r 322.8 

TOC (mg Carbon/liter) 1.0 5.0 2.8 

Intake TOC (mg Carbon/liter) 1.5 3.0 2.8 

Organic Carbon 322.8 1613.8 913.5 
Discharged (kg/day) 

Organic Carbon tt&it.I 968. 't 887.7 
Intake (kg/day) 

Net Organic Carbon -161.t (>U5,ti 25.8 
Discharged (kg/day) 



Organic loadings calculated as 
described on page 8 
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Appendix 2 

Toxicological Data on Some 
of the Components 

Identified in the 
St. Clair River 
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The following data was compiled by Drs. Harding and Fitch of the Special 
Studies and Services Branch, Occupational Health and Safety Division of the 
Ministry of Labour. 

1,2-DICHLOROETHANE 
(also known as ethylene dichloride or EDC) 

Acute Toxicity 

3 
LC^Q rats is ^8,600 mg/m for 32 minutes. 

LC^Q rats is '*,0'^S mg/m for '>32 minutes. 

Acute effects consist of narcosis, pulmonary edema, headache, necrotic and 
hemorrhagic lesions of the liver and kidney and internal bleeding. Repeated 
exposures can bring on nausea, vomiting, stomach pain, irritated mucous mem- 
branes, loss of appetite and liver and kidney failure. 

Chronic Toxicity 

In rats, guinea pigs, rabbits and cats, there were no apparent effects after 
3 
receiving ^^00 mg/m for 17 weeks for 6 hrs/day, 5 days/week. 

Dogs exposed to 1,000 ppm for 7 hours developed clouding of the cornea which 
was reversible on cessation of exposure. This effect has not been observed in man. 

Toxicity in Man 

Odor threshold is 50 ppm. At 100-200 ppm the odor is not unpleasant. 

High concentrations (not stated) will cause stupor, mental confusion, nausea 
and vomiting and C.N. 5. depression. All are reversible on cessation of exposure. 

Injestion of 1-2 oz has been fatal in male adults. When 1,2-dichioroethane is 
ingested, the predominant characteristic is blood disorders, including clotting 
problems. With skin absorption or inhalation, the first effects are headache, 
weakness, eye irritation, cyanosis and nausea. 
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Two cases of chronic exposure in man have been reported: 

i. After 9 weeks of using 1,2-dichJoroethane as a solvent, a worker 
developed weight loss, drowsiness, nervousness, nausea and vomiting. 

2. After 5 months, a worker developed upper abdominal pain, tremor of the 
tongue, nausea and voiniting. All symptoms in both cases disappeared after 
removal from exposure. 

Numerous cases of i,2-dichloroethane poisoning, both fatal and non-fatal, 
have been documented by the National Institute for Occupational Safety and 
Health. 

Experimental Work 

There have been recent important findings concerning carcinogenic properties 
of 1,2-dichloroethane in animals and in the Ames test. 

1,2-dichloroethane is weakly mutagenic in salmonella typhimurium TA 1530 
and TA 1535 strains and non-mutagenic for TA 1538 strain. It could not be 
activated to a more mutagenic form using standard rat liver S-9 mix. 

1,2-dichloroethane has been reported as mutagenic in Drosophila. An 
eight-hour treatment increased the frequency of recessive lethals. Twenty-four 
hour contact produced 25-30% mutations which were more pronounced in males. 
One hour contact produced 2-6% mutations. 

The findings of a recent National Cancer Institute study on the carcinogenesis 
of 1,2-dichioroethane were released on September 26, 1978. 

1,2-dichloroethane was administered to rats and mice by gastric intubation 5 
times a week for 78 weeks following which, they were observed for the remainder 
of their Ife time. The high dose given had previously been found to be compatible 
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with a normal life span. The low dose was half of this. The dosing levels were as 
follows: 

low dose 50 mg/kg of body wt. for rats 

high dose 100 mg/kg of body wt. for rats 

low dose 100 mg/kg of body wt. for male mice 

high dose 200 mg/kg of body wt. for male mice 

low dose 150 mg/kg of body wt. for female mice 

high dose 300 mg/kg of body wt. for female mice. 

Their conclusion states that, under the test conditions, 1,2-dichloroethane is 
carcinogenic to rats and mice, causing cancers of stomach, spleen and other 
organs, and subcutaneous cancers in male rats, mammary cancers in female rats 
and mice, uterine cancers in female mice and lung cancers in both male and female 
mice. 

The current threshold limit value for 1,2-dichloroethane is 50 ppm (200 
mg/m ) but a reduction to 10 ppm C+O mg/m ) TWA has been proposed by the 
ACGIH. This value may be changed again when the carcinogenic study results are 
taken into consideration. 

1,2-DICHLORQETHANE - BIBLIOGRAPHY 

1. ALUMOT, O. E., 1976. 

Tolerance and Acceptable Daily Intake of Chlorinated Fumigants in the Rat 

Diet. 

Food Cosmet Toxicol: 14(2)105-110. 

2. ALUMOT, O. E. et al, 1976. 

Tolerance and Acceptable Daily Intake of Ethylene Dichloride in the Chicken 

Diet. 

Food Cosmet Toxicol: l^f (2) 1 11-li't. 



3. BREM, H. et al, 197'f. 

The Mutagenicity and DNA-Modifying Effect of Haloalkanes. 
Cancer Research: 3iJ (10) 2576-2579. 



i^. Dept. Hlth. Educ. and Welfare, 1978. 

Bioassay of 1,2-Dichloroethane for Possible Carcinogenicity. 
NIOSH Pub. (NMH) 78-1305, 1, 10. 

5. Dept. Hlth. Educ. and Welfare, 1976 (March). 

Criteria for a Recommended Standard - Occupational Exposure to Ethylene 

Dichloride. 

NIOSH 76-139, p. 158. 



- 186- 

6. Dept. Hlth. Educ. and Welfare, April 19, 1978, 
Ethylene Dichloride 

iNIOSH Current Intell. Bull. //25, 78-1^^9. 

7. Dept. Hlth. Educ. and Welfare, 1978. 

Suggeted tjuidelines for Minimizing Employee Exposure to Ethylene Dichloride 

{1,2-Dichloroethane). 

3. Am. Ind. Hyg. Assoc: 39 (9) A41-A'*3. 

8. DIVINCENZO, G. D. and W. 3. Krasavage, 197't. 

Serum Ornithine Carbamyi Transferase as a Liver Response Test for Exposure 

to Organic Solvents. 

Am. Indust. Hyg. Assoc. 3.: 35 (1) 21, 

9. DORNDORF, W. et al. 

Oichioroethane Poisoning with Myoclonic Syndrome, Seizures and Irreversible 

Cerebral Effects. 

Arch. Psychiatr. Nerwenkr.: 220 (it) 373-379. 

10. FISHBEIN, L., 1976. 

Industrial Mutagens and Potential Mutagens. 
I. Halogenated Aliphatic Derivatives. 
Mutation Research: 32, 267-308. 

11. GRADISKI, D., 197^^. 

Comparative Toxicity of the Principal Chlorinated Aliphatic Solvents. 
3. Eur. Toxicol: 7 {^) 247-25^^. 

12. HEPPEL, L. A. et al, 19t5. 

The Toxicology of 1,2-Dichloroethane (Ethylene bichloride). 
3. Pharmacol <5c Exptai. Therapeut. S'f: 53-63. 

13. HOVATH, A. L., 1976. 

Maximum Permissible Concentrations of Halogenated Hydrocarbons in 
Reservoir Waters - A Revievv'. 
Chem. Ind.: 1, 26-27. 

If. IVANETICH, K. M., 1978. 

Organic Compounds: Their Interaction with and Degradatoin of Hepatic 
Microsomal Drug Metabolizing Enzymes in Vitro. 
Drug Metab. Dispos.: 6 (3) 218-225. 

15. LARKIN, R. L. et al, 1977. 

Collaborative Testing of Activated Charcoal, Sampling Tubes for Seven 

Organic Solvents. 

Am. Ind. Hyg. Assoc. 3.: 38, 5^*3. 

16. McCANN, 3. et al, 1975. 

iviutagenicity of Chloroacetaldehyde, a Possible Metabolic Product of 1,2- 
Dichloroethane (Ethylene Dichloride), Chloroethanol (Ethylene Chlorohydrin), 
Vinyl Chloride and Cyclophosphamide. 
Proc. Natl. Acad. Sci.: 72, 3190-93. 



- 187- 



17. RANNUG, U. et al, 1978. 

The Mutagenicity and Metabolism of 1,2-Dichloroethane. 
Mutation Research: 53 (2) 251-252. 

18. RANNUG, U. et al, 1977. 

Mutagenicity of Waste Products from Vinyl Chloride Industries. 
3. Toxicol. Env. Hlth.: 2, 1019-29. 

19. RANNUG, U. et al, 1978. 

The Mutagenic Effect of 1,2-Dichloroethane on Salmonella Typhimuriuir)--!. 
Activation through Conjugation with Glutathion in Vitro. 
Chem-Bio Interactions 20: 1-6. 

20. RECKNER, L. R. et al, 1975. 

Collaborative Testing of Activated Charcoal Sampling Tubes for Seven 
Organic Solvents. 
NIOSHNo. 75-18^^, p. 221. 

21. SCHMIDT, K. et al, 1972. 

Diagnosis of Unclear Poisoning through Respiratory Air Analysis. 
Deutsch Med. Wochenschr. CtO) 1507-09. 

22. SIMON, V. F. et al, 1978. 

Mutagenic Activity of Chemicals Identified in Drinking Water. 
Mutation Research: 53 (2) 262. 

23. V020VANYA, M. A., 1976. 

The Effect of Small Concentrations of Benzene and Dichloroethane Separately 
and Combined on the Reproductive Functions of Animals. 
Gig. Sanit.: 6, 100-102 (Rus). 

2if. VOZOVANYA, M. A., 1976. 

The Effect of Dichloroethane on the Sexual Cycle and Embryogenesis of 

Experimental Animals. 

Akusk Ginekol (Mosk): 2, 57-59 (Rus). 

25. WEISBURGER, E. K., 1977. 

Carcinogenicity Studies on Halogenated Hydrocarbons. 
Env. Hlth. Persp.: 21,7-16. 

26. YODAIKEN, R. E. et al. 
1,2-Dichloroethane Poisoning. 
Arch, Environ. Hlth.: 26 (5) 281-28^*. 



27. YLLNER, S., 1971. 

Metabolism of 1,2-Dichloroethane I'fC in the Mouse. 
Arch. Pharmacol Toxicol.: 30 (3-'f) 257-265. 



- 188- 

l>l-DICHLOROETHANE 
(Little information is available on this compound) 

Rats, guinea pigs, rabbits and cats tolerated inhalation of 500 ppm for 13 
weeks without adverse effects. The rat, guinea pig and rabbit then tolerated an 
increase to 1,000 ppin for 13 additional weeks, but in the cat, this level resulted in 
kidney damage.: 

Using 1,2-dichloroethane, the highest dose tolerated was 100 ppm for 17 
weeks. 

It is judged that 1,1-dichloroethane is about 5 times less toxic than 1,2- 
dichloroethane. 

1,1-DICHLOROETHANE - BIBLIOGRAPHY 
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Fed. Regist. if3 (1^3) 32190-32191. 
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Toxical Appl. Pharmacol. 28, ^52-ii6t^. 

3. NI05H, 1978. 

Chloroethanes; Review of Toxicity 
Current Int. Bulletin #27. 

1,2-DlBROMOETHANE 
(also known as ethylene dibromide or EDB) 

Toxicity 

1,2-dibromoethane is an extremaly strong irritant. Chronic exposure results in 
liver and kidney damage. High levels of exposure cause immediate CNS depression 
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and usually death in laboratory animals. At 200 ppm in air, laboratory animals 
survive for only a few hours and adverse effects have been noted at 30 pptn. 
Domestic animals have shown severe reproductive effects following exposure. 

In humans, weakness and rapid pulse have been associated with exposure and, 
less commonly, cardiac failure leading to death. 

Experimental Findings 

1,2-dibromoethane is mutagenic and teratogenic in animals. 

In 197^^, NCI issued a memorandum of alert citing preliminary findings of 
strong carcinogenicity in rats and mice. They observed a high incidence of 
squamous cell carcinoma of the stomach in both rats and mice, with tumors 
observed after 6 weeks of exposure. 

Ames testing procedures have shown 1,2-dibromoethane to be mutagenic 
(without metabolic activation) in Salmonella typhimurium TA 1530 and TA 1535 
strains. The mutagenic property was more active than the weakly mutagenic 
1 ,2-dichloroethane. 

1,2-dibromoethane shows a pronounced mutagenicity in Drosophila. 

National Cancer Institute has very recently (November 1978) issued their final 
report on the carcinogenicity of 1,2-dibromoethane. 

their study was conducted in a similar fashion as for 1,2-dichioroethane, 
described above, and their conclusion is that 1,2-dibromoethane is a strong 
carcinogenic agent in rats and mice. 

The threshold limit value lists 1,2-dibromoethane as a potential human 
carcinogen awaiting reassignment of a threshold limit vale pending further data 
acquisition. Under this heading, no exposure or contact by any route - respiratory, 
skin or oral, as detected by the most sensitive methods - shall be permitted. "No 
exposure or contact" means hermitizing the process or operation by the best 
practicable engineering methods. The worker should be properly equipped to 
ensure virtually no contact with the carcinogen. 



190 



1,2-OIBROMQETHANE - BIBLIOGRAPHY 

1. CURRENT INTELLIGENCE BULLETIN, 197S. 
Ethylene Dibromide and Disulfiram Toxic Interaction. 
DREW NIOSH Publ. (U.S.) Vol. 78-li^5, p. 5. 

2. HILL, D. L. et al, 1978. 

iViacromolecular Binding and Metabolism of the Carcinogen 

l,2-Dibro(noethane. 

Cancer Res. 38 (8) 2'f3&-2it42. 

3. KRAYliILL, H. F., 1978. 

Carcinogenesis Induced by Trace Contaminants in Potable Water. 

Bull. N.Y. Acad. Med. 5^* W 'tl3-if27. 

ii. NACHTOMI, E. et al, 1978. 

Ethylene Dibromide as a Mitogen for Liver. 
Lab. Invest. 38 (3) 279-283. 

5. SCOTT, B. R. et al, 1978. 

Plant Metabolic Activation of 1,2-Dibromoethane to a Mutagen of Greater 

Potency. 

Mutation Res. W (2) 203-212. 

6. STEIN, H. P. et al, 1978. 

Ethylene Dibromide and Disulfiram Toxic Interaction. 
3. Am. Ind. Hyg. Assoc. 39 (7) A35-A37. 



HEXACHLOROBUTADIENE (HCBD) 

A by-product of certain processes associated with the chlorination of 
hydrocarbons (i.e. the production of perchlorethylene, trichloroethylene and carbon 
tetrachloride) was found as a component of the tarry waste. 

In 1976, it was reported from Dow Canada that its appearance was in the 
waste products which are re-cycled or incinerated. Some is disposed in an 
impervious underground cavern or approved landfill site as an interim measure. 

Concentrations in chlorinated products is well below 1 ppm. 

Stated that it will be gradually photodegradable. 

Animal Studies 

A representative series (ref) of rodent studies is presented. Other references 
will be nude available later. 
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Acute Toxicity - Moderate Toxicity 

LD^Q 200-300 mg/kg for a single oral dose in rats. In a 30-day toxicity study, 
rats received HCBD in the diet at daily doses of 1 to 100 mg/kg. Renal toxicity 
(renal tubal degradation, necrosis, regeneration and increased kidney weight) was 
observed at doses of 30, 65 and 100 mg HCBD/kg/day. 

Chronic Toxicity 

Rats on diets of 20, 2.0 or 0.2 mg/kg/day of HCBD for up to 2f months were 
compared with control groups. Renal toxicity was observed at the intermediate 
and high dose levels, and at the highest dose level of 20- mg/kg/day, renal tumors 
(adenemas and metastasing adenocarcinomas) were seen. 

Reproductive Studies 

Male and female rats on diets of 1, 0.2, 2.0 and 20 mg/kg/day for 90 days prior 
to mating and, subsequently, through gestation and lactation showed toxicity at the 
two higher dose levels comprising alterations in the kidney as well as decreased 
weight gain and food consumption, but there was no effect on percent pregnancy, 
neonatal survival and development. The body weight of pups at weaning (21 days 
old) was slightly but significantly less than that of control litters. 

In another study, neonatal rats were more sensitive to the lethal effect of 
HCBD than adult rats: LD^q adult rats - single oral dose - males 580 mg/kg and 
females 200-400 mg/kg. 21 -day old rats - single oral does = males 65 mg/kg and 
females ^(> mg/kg. 

No information is available on human toxicity. 
Reference 

Studies on Chlorinated Waste Products - Information Update, Dow Chemical of 
Canada, Ltd., August 1976. 
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XYLENES (DIMETHYLBENZENES) 

Used in industry, "xylene" refers to a mixture of o-, m- and 
p-dimethytbenzene. Principally produced in petroleum refining. Colourless, 
flammable, with an aromatic odour. 

Threshold Limit Value recommended by ACGIH, applicable in Ontario --^ 
100 ppm ('t35 mg/rn ) - skin.* 

The Ambient Air Criterion is 1 ppm. This is based on odour and takes 
precedence over health effects. 

The xylenes have a low toxicity rating in man and animals. In man, they are 
irritant to nose and eyes at about 200 ppm and at this level, some narcotic effects 
are experienced. 

Absorption is through skin, mucous membrane or lungs. Excretion is mainly by 
the kidneys, although some is excreted unchanged from the lungs. It is mainly 
metabolised to toluic acid and eliminated in congugated form with glycine as 
toluric acids. It does not accumulate in the body to a significant extent. 

Liver and kidney damage have been reported after accidental ingestion of 
xylene-toluene paint thinner. 



* Skin - This refers to the potential contribution to the overall exposure by the 
cutaneous route, including mucous membranes and eyes by airborne or direct 
contact. 
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Reports of damage to the haemopoetic system are not substantiated: benzene 
has usually been a concomitant, and animals exposed to pure xylene have iiot 
suffered these effects. 

No information is available on xylene in water supplies in relation to human 
toxicity. 
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1. AIZENSHTAD, V. S. et al, 1971. 

Work Hygiene and the State of Worker's Health in the Production of 

Carbonphosphates. 

Gigiena Truda i Prof. Zabolevaniya: 15 (3) ^9-51. 

2. ANTON'EV, A. A. et al, 1972. 

Characterization of Occupational Dermatoses Caused by Dust from Electrical 
Insulating Materials. 
Vrach Delo: 7, 127-131. 

3. BERTSCH, W. et al, 197^^. 

The Determination of Organic Volatiles in Air Pollution Studies. 
3. Chromatogr. Sci., 12 {k) 175-182. 

if. BOIKO, V. L, 1978. 

Working Condition and the Health of Workers Engaged in the Production of 
Benzene and its Homologues for Crude Oil. 
Cig. 3r. Prof. Zabol. 7, 3-7. 

5. BRAIER, L., 1973. 

A Comparative Study of Isocyclic Hydrocarbons in Animal and in Man. 

6. CARPENTER, C. P. et al, 1975. 

Petroleum Hydrocarbon Toxicity Studies vs Animal and Human Response to 

Vapors of Mixed Xylenes. 

Toxicol. Appl. Pharmacol. Vol. 33 (3) 543-558. 

7. COHEN, 5. R. et al, 197t. 

Genetic Toxicology of Benzene, Toluene, Xylene and Phenols. 
Mutation Res: t^7 (2) 75-97. 

8. ENGSTROM, K. et al, 1978. 

Evaluation of Occupational Health Exposure to Xylene by Blood, Exhaled Air 

and Urine Analysis. 

Scand. 3. Work. Environ. Hlth. li- (2) ll't-21. 

9. FELDMAN, H. V., 1978. 

Gas Hazards and their Detection for Safety Purposes. 
Prog. Water Techol: 9 (5-6) 1 37-^^3. 



igif - 



iU. HARPER, C, 1975. 

P- Xylene Metabolism by Rat Pulmonary and Hepatic Microsomes. 

Fed. Proc: 3^+ (3) 785. 

U. HtUSS, J. M. et al, 1974. 

tffects of Gasoline Aromatic and Lead Content in Exhaust Hydrocarbon 

Reactivity. 

Environ. Sci. Technol: S (7) 6^1-^7. 

12. 3AVORKA, K. et al, 1972. 

Cardiovascular, Respiratory and Glossopharyngeal Effects of Atropine, 
Vagotomy and Apneuic Reflex of Nasal Origin. 
Cesk. Fysiol 21, Iss. 1, 21-8. 

13. JUNGCLAU5, G. A., 1978. 

Organic Compounds in an Industrial Waste Water. A Case Study of their 

Environmental Impact. 

tlnviron. Sci. Technol: 12 (12) 88-96, 

H. 3UZWIAK, 1. et at, 197't. 

Effects of Benzene, Toluene and Xylene on Perodontium in Workers at a 

Furniture Factory. 

Czas. Stomatol: 27, Iss. 8, 855-61. 

15. KROTOV, Y. A. et al, 1972. 

Study of Embryotoxic and Teratogenic Effect of Some Industrial Substances 
Formed During Production of Dimethyl terephthalate. 
Gig. Tr. Prof. Zabol: 16 (6) W-i+3. 

16. LAUWERYS, R., 1975. 

Biological Criteria for Selected Industrial Toxic Chemicals: A Review. 
Scand, J. Work. Env. Hlth: 1 (3) 139-172. 

17. LEE, R. F. et al, 1978. 

Fate of Polycyclic Aromatic Hydrocarbons in Controlled Ecosystem 

Enclosures. 

Environ. Sci. Technol: 12 (7) 832-8'*3. 

18. LONNEMAN, W. A. et al, 197^^. 
Hydrocarbon Composition of Urban Air Pollution. 
Environ. Sci. Technol: 8 (3) 229-236. 

19. McMICHAEL, A. 3. et al, 1975. 

Solvent Exposure and Leukemia Among Rubber Workers: An Epidemiological 

Study. 

J. Occup. Med: 17 Cf) 23't-239. 

20. MUNNECKE, D. M. et al, 1975. 

iviicrobial Metabolism of a Parathion-Xylene Pesticide Formulation. 
Appl. Microbiol: 30 {^) 575-580. 

21. NELSON, K. W. et al, 19i* 3. 

Sensory Response to Certain Industrial Solvent Vapors. 
3. Indus. Hyg. Toxicol: 25 (7) 282. 



195- 



22. PATEL, :. M. 

The Biotransfusioii of P-Xylene to a Toxic Aldehyde. 
Drug Metals Dispos: 6 Ct) iSS-li*. 

23. PATEL, J. M. et al, 1976. 

Changes in Serum Enzymes After Inhalation Exposure of P-Xylene in Rats. 
Toxicol. Appl. Pharmacol: 37 (1) 12^^. 

2t. PINIGINA, I. A. et al, 197^*. 

Determination of Carbon Disulfide in the Atmosphere. 
Gig. Sanit. 12: 7'j-76. 

25. RllHIMAKI, V. et al, 1978. 
Percutaneous Absorption of Solvent Vapours. 
Scand. J. Worl< Environ. Hlth: 4(1) 73-85. 

26. SCHULTZ, C. 0„ 1976. 

Recommendations for a Xylene Standard: Commmentary 1. 
3. Occup. Med: 18(8) 570-1. 

27. SEDIVEC, V. et al, 1976. 

The Absorption, Metabolism and Excretion of Xylenes in Man. 
Int. Arch. Occup. Env. Hlth: 37 (3) 205-217. 

28. SEDIVEC, V. et al, 1976. 

Exposure Test for Xylenes. 

Int. Arch. Occup. Env. Hlth. 37 (3) 219-232. 

29. SIDOROV, K. K., 1972. 

Evaluation of the Cumulative Effect of Chemical Compounds Under Various 
Inhalation Conditions. 
Gog. Sanit: 37 (5) 93-95. 

30. SMOLIK, R., et al, 1973. 

Serum Complement Level in Workers Exposed to Benzene, Toluene and Xylene. 
Int. Arch. Occup. Hlth: 31 (3) 2if3-2't7. 

31. SYROVAD, O. M. et al, 1973. 

Effect of Working Conditions on the Health Status and Some Specific 
Functions of Women Handling White Spirit. 
Gig. Tr. Prof. Zabol: 17 (6) 5-8. 

32. UTID31AN, H. M., 1976. 

Recommendation for a Xylene Standard and Commentaries. 
3. Occup. Med: 18 (8) 567-72. 

33. WENDE, E., 1972. 

Industrial Medical Aspects of the Rubber Industry. 
Fortschr. Med: 90 (7) 239-2W. 



- 196- 



NAPHTHALENE 



Toxicity 



Oral child ^'^LO ^^^ ^g/kg 

Oral human ''^LO ^^ i^g/l<g 

Oral rat LD^q 1780 mg/kg 



Aquatic Toxicity Rating TL 96 10.1 ppm 
TLV - air 10 ppm 50 mg/m^ 



Naphthalene is the most extensively used polynuclear hydrocarbon in industry. 
Toxicity data about this substance is very scanty. One of the major problems 
associated with naphthalene toxicity is its ability to trigger hemolytic crisis due to 
the presence of a genetically determined metabolic defect which is sex linked and 
finds full expression in the male(l). This disease would not exist in the absence of 
the challenging chemical yet naphthalene itself is nonhemolytic. A metabolite is 
indicated as the active compound. In older children and adults, the hemolytic crisis 
may be followed by renal tubular blockade and acute renal failure(7). In young 
infants the chief threat is Kernicterus, which causes high mortality{18). 

Acute Toxicity 

Rabbits given Ig/kg body weight daily develop changes in lens after three 
doses and definite opacity after 20 doses. 

A case of human cataract has been reported, which may be a counterpart to 
those found experimentally in rabbits. 

Vapor inhalation may cause headache, confusion, nausea and profuse 
perspiration. Systemic reactions have occurred after dressing children in clothing 
stored in mothballs(S). 

Severe exposure or ingestion may cause vomiting, optic neuritis and 
hermaturia. 
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Chronic Toxicity 

No chronic toxic effect have been reported as a result of industrial exposure 
to napthalene vapor and industrial poisonings are rare except for dermatitis due to 
hypersensitivity. No studies have been performed on animals with repeated 
inhalation. 

In considering low level chronic exposures of humans to naphthalene, its 
world-wide household use during the last 100 years as "moth balls" should be noted. 
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METHYLNAPHTHALENES 



Unlike napthalene, the only reported effects of methylnapthalene in man are 
skin irritation and skin phtosensitization . 



Oral human '-'-'sn ^^^ 'ng/l<g 

Oral rat LD^q 1*360 mg/kg 

There appears to be a correlation between the degree of alkylation of the 
napthalene and its activity as a cocarcinogen and for this reason tri- and 

tetramethylnaphthalene are implicated as cocarcinogens with benzo(a)pyrene while 

(2) 
methylnaphthalene is not^ '. 
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STYRENE (VINYLBEN2ENE) 
Absorptio n 

Styrene is readily absorbed from the lungs and slowly absorbed through the 
skin. No information is available on its absorption from the gastro-intestinal tract. 
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Toxicity 

Short-Term Exposures 

The acute toxicity of styrene is similar to other hydrocarbons. The most 
common toxic actions are irritation of the skin, eyes and respiratory tract and 
depression of the central nervous system. Stewart reports mild eye and throat 
irritation developing in six male workers 20 minutes after the commencement of 
exposure to 99 ppm of styrene. At the end of a 7 hr. exposure period, which was 
interrupted for 30 minutes to simulate a workday, three of the six exposed workers 
had signs of neurological impairment, as evidenced by difficulty in performing a 
modified Khomberg test. 

Styrene vapors are irritating and narcotic at high concentrations and can 

(if) 
produce nausea, headache, fatigue, dizziness and drowsiness. Stewart found that 

concentrations of 216 ppm resulted in nasal irritation in one of five subjects. 

Exposure to 376 ppm for 1 hour was not tolerated, as the odour was objectionable 

and irritation occurred. Abnormal neurological findings were present within 1 hour 

of commencement of the exposure and nausea and headaches were experienced. 

Chronic flxposure 

(2) 
Recent studies by Lindstrom et al, have shown that exposure to styrene 

estimated at 75 ppm 8-hour time weighted average over a period ranging from 0.5 - 
H years, using mandelic acid excretion in the urine as an indicator of exposure was 
associated with disturbances in psychological functions (fisuomotor accuracy and 
psychomotor performances), and exposure to concentrations estimated at approxi- 
mately ^0 ppm J4 hour-time weighted average for a similar period was associated 
with abnormal EliG's in some subjects. 

Styrene oxide, a possible metabolite of styrene has been shown to have 
mutagenic effects for Salmonella typhimurium in vitro. However, there is no 
evidence of such effects in vivo to date. 
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VINYL CHLORIDE 



Absorption 

Vinyl Chloride is absorbed following inhalation and injestion. Following 
absorption, vinyl chloride is believed to be metabolized to toxic metabolites which 
are detoxified in the liver before excretion. When large doses are encountered, 
however, this detoxification system is overburdened and the toxic metabolites 
accumulate. 

Toxicity 

Acute exposure to vinyl chloride can result in euphoria, a feeling of inebriety, 
somnolence, narcosis and in some instances, prolonged sleep. When acute episodes 
are repeated, headaches, irritability, diminution of memory, insomnia, paraesthesia 
and general anaesthesia can develop. 

Chronic exposure to vinyl chloride can result in effects on many of the body 
systems. Acroosteolysis* is frequently accompanied by vascular and skin 
changes. Subcapsular and periportal hepatic fibrosis have been observed, and 



* Acroosteolysis - a condition in which dissolution of the terminal phalanges of 
one or more of the fingers is accompanied by clubbing, swelling and shortening of 
the nail beds and scleroderm-like skin changes. 
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are thought to be responsible for the portal hypertension and spenomegaly 
sometimes observed in those exposed. ^ These changes are also considered to 
predispose to hepatic tumor development, particularly hepatic angiosarcomas and 
perhaps heaptomas. Both types have been observed in workers exposed to vinyl 
cnloride. 

Some epidemiological studies^ ^'^' ' ' suggest that the incidence of tumors of 
organs other than liver may be greater than expected in workers exposed to vinyl 
chloride. 

There is also some evidence at the present time which suggests that exposure 

to vinyl chloride is responsible for the increased rate of congenital abnormalities 

(9) 
observed in communities with PVC facilities. ' Excess foetal wastage has been 

reported in wives of vinyl chloride workers and it is thought that this may be 

related to a germ cell effect of the chemical on the husbands. 

Studies concerning the chromosomal effects of vinyl chloride are inconclusive 

at the present time, some showing positive and others negative results. Vinyl 

(12) 
chloride has been found to be mutagenic in vivo in yeast systems, in host 

(mouse) mediated assays and in somatic cells of Chinese hamsters. Mutations 

(8,12) 
have also been induced in vitro in activated bacterial and yeast systems- 
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1-2 DICHLOROETHYLENE 



1-2 Dichloroethylene exists in two isomeric forms - a cis and a trans isomer. 
Absorption 

1-2 dichloroethylene is absorbed following inhalation, injestion and to some 
extent through the intact skin. Excretion is largely via the lungs in the unchanged 
form.^^> 

Toxicity 

Very little information is available on the toxicity of these isomers. Both are 
central nervous system depressants, which cause an initial irritation. The cis 
isomer is more irritant and less narcotic than the trans form. 
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Aninrial studies indicate that fatty infiltration of the liver and pulmonary 
olar distension and hyperat 
the trans form of the chemical. 



alveolar distension and hyperaemia are induced by single or repeated exposure to 

(2) 



(2) 
It is thought to sensitize the heart to adrenaline. 



No data on human toxicity, carcinogenicity, mutagenicity or teratogenicity of 
the chemical have been located. 
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TRICHLOROETHYLENE 



Absorption 

Trichloroethylene is readily absorbed following ingetion and inhalation, but 
poorly absorbed through the intact skin. Trichloroethylene is lipid soluble, and as 
such, can be stored in body fat. Much of the absorbed trichloroethylene is 
eliminated unchanged in the expired air. Urinary excretion appears to be biphasic 

with a rapid first phase followed by a slow phase; the metabolites being present in 

(8) 
the urine for more than 16 days after a 5-hour exposure to 100 ppm. 

Toxicity 

Acute exposure to trichloroethylene results in depression of the central 
nervous sytem, which is frequently preceded by mild excitation. Symptoms of 
depression commonly encountered include: inebriation, uncoordination, dizziness, 
somnolence and in extreme cases, coma and death. If the chemical comes in direct 
contact with the skin, irritation and burns may result. Trichloroethylene sensitizes 
the heart to adrenaline and may induce cardiac arrhythmias. Some incidences of 
sudden death associated with acute exposure have been attributed to ventricular 
arrhythmias induced in this manner. 
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Subacute exposure of humans to trichloroethylene (two ^t-hour periods 

separated by a 90-rninute interval, to 110 ppm) have resulted in alterations of 

(9) 
psychophysical function. 



Chronic exposure continued over a period of years appears to affect the 
nervous system; the symptoms most commonly encountered being giddiness, 
headaches, insomnia, tiredness, disturbances of the autonomy nervous system, 
inability to tolerate alcohol and physical changes. 



Studies conducted by Takametso, Nomura Capellini and Grisler, 

(8) 
Graovad-deposavic et al indicate liver damage following exposure to trichloro- 
ethylene for more than 5 months. However, it is presently thought that the 

(8) 
chemical is not hepato or Reno toxic. 



Studies on the carcinogenic properties of trichloroethylene are inconclusive. 

The study undertaken by N.C.I, indicates that it is carcinogenic in mice, whereas, 

-e i; 
(2) 



(8) 
other studies indicate it is not. There is no indication at the present time that 



trichloroethylene is carcinogenic in man. 



Mutagenic testing indicates that trichloroethylene is mutagenic, after 
activation, in bacterial and yeast test systems. No studies have been located 
on teratogenic effects of trichloroethylene. 
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TETRACHLOROETHYLENE 

Absorption 

Tetrachloroethylene is absorbed percutaneously, following inhalation and 
ingestion. It is lipophilic, and as such, is stored in body fat. Because of this, the 
whole body half life is such that a period of 2 weeks may be required to eliminate 
the tetrachloroethylene retained after an 8-hour exposure to 100 ppm. 

Toxicity 

Tetrachloroethylene is a conjunctival, upper respiratory tract and skin irritant. 
Acute exposure causes central nervous depression as manifested by dizziness, light 
headedness, vertigo, inebriation, nausea, impaired coordination, liver damage, 
coma and death. ' 

liepeated or prolonged skin contact with the chemical may cause erythema 
blistering and skin burns. Chronic inhalation of concentrations greater than 100 
ppm are reported to cause only term effects on the central, peripheral and 
autonomic nervous systems. Confusion, impaired memory, tremors, numbness of 
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the extremities and peripheral neuropathy have been reported. Liver damage has 
also been reported in workers chronically exposed. ' ' 

(9) 
Some studies indicate that tetrachloroethylene is a carcmogen in mice. 

(5 6) 
However, other carcinogenic studies do not support this finding. ' There is no 

evidence at the present time which shows tetrachloroethylene to be carcinogenic in 

nian. Mutagenicity testing in bacterial test systems, with and without activation 

was negative for tetrachloroethylene. ' 

There is some evidence to indicate that tetrachloroethylene is fetotoxic in 

(12) 
mice but not rats. However, there is only one animal study and no human 

studies available on this aspect of its toxicity. 
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monochloroim:n2iinii 



Toxicity 



Oral LD^Q rat - 2910 mg/l<g 
Ipr LDj^Q rat - 7400 mg/kg 
Oral LD^Q rabbit - 2830 mg/kg 
Ipr LDj^Q guinea pig - 4100 mg/kg 



Aquatic Toxicity Rating TLM 96: 100-1 ppm 
TLV - air - 7^ ppm 350 mg/m^ 



Monochlorobenzene is a CNS depressant that may cause symptom typical of 
the analgesic effect. It is not known to cause the blood changes typical of benzene 
exposure. Liver and kidney injury have been noted and the liver injury may 
progress to necrosis and parenchymous degeneration. 

Although there are no indications of toxic absorption through the skin, direct 
application does cause reddening and continuous contact (for more than 1 week) 
and may cause erythema and superficial necrosis. 

Animal Studies 

At 0.0144 g/kg body weight andO.288 gm/kg, there were significant increases 
in liver weight and evidence of liver histopathology. 

Dow Chemical Co. exposed rats, rabbits and guinea pigs 7 hrs/day, 5 
days/week, for a total of 32 exposures over 44 days at 1000 ppm in air. They found 
histopathological changes in lungs, liver and kidneys plus a slight depression in 
growth. Mortality increased in the guinea pigs, but not in the rats or rabbits; at 
475 ppm the guinea pigs survived and at 200 ppm everything appeared normal. 

Rabbits receiving a dose of Q.5 g/kg excreted 27% unchanged in their expired 
air, while all but 1% of the rest was excreted in the urine. 
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O-DICHLOROBENZENE 



An agricultural chemical herbicide of indefinite carcinogenic determination. 
Toxicity 

Oral human LD^q - 500 mg/kg 
Oral rat LD^q - 500 mg/kg 
Ihi rat LDj^Q - 521 ppm/7H 
Oral rabbit LD^q - 500 mg/kg 
Oral guinea pig LD, q - 2000 mg/kg 

TLV - air 50 ppm 

The ortho-isomer is said to be more toxic than the paraisomer of 
dichlorobenzene. The primary human physiological response to this isomer is injury 
to the liver and secondarily, to the kidney. The compound acts as a liver and 
kidney poison as well as being a local irritant and a strong CNS depressant. 

Animal Studies 

Acute Vapor Exposure 

Rats survived 2 hours at a concentration of 977 ppm in air and succeinbed 
after 7 hours. They survived 7 hours at 539 ppm exposure, hov^ever, they became 
drowsy and unsteady. There was an increase in liver and kidney weight accom- 
panied by marked central locular damage to the liver and the tubular epithelium of 
the Kidneys. 

Chronic Vapor Exposure 

Animals exposed 7 hours/day, 5 days/week to 93 ppm survived 6 to 7 months 
without any effects on growth, organ weight, hematology or histopathology. The 
main effect here was eye irritation and moderate pain, which cleared in a few 

days. 
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Human Experience 

Odour is detectable at concentrations above 50 ppm but eye and nose irritation 
is not noticeable at this level. 

P-DICHLOROBENZENE 

An insecticide and disinfectant as well as a chemical intermediate. This 
compound is the least toxic active ingredient found in mothballs. 

Toxicity 

Oral human LD, ^ - 500 mg/kg 
Oral human TD^^^ - 300 mg/kg 
Oral rat LD^^ - 500 mg/kg 
Oral guinea pig LD^q - 2800 mg/kg 

3 

TLV - air - 75 ppm. ^^50 mg/m 

As in o-dichlorobenzene, the primary physiological effect here is liver damage 
and then, kidney damage. CNS depression does not occur until concentrations are 
highly disagreeable to the eyes and nose. 

Absorption 

This compound is absorbed through the G.I. tract and through the lungs, but 
there is no evidence of absorption through the skin. 

Animal Studies 

Vapor Exposure 

Rats, rabbits and guinea pigs exposed 5 days/week, 7 hours/day for extended 
periods at 798 ppm exhibited definite toxic reactions - tumors, weakness, weight 
loss and eye irritation. At 3^*1 ppm, animals survived 6 months with slight growth 
depression in guinea pigs, accompanied by pathological changes in the liver and 
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increased liver weights in the case of the rats. At 96 ppm, no adverse effects were 
demonstrated. 

Solid vapor particles or fumes are all very painful to the eyes and nose. At 50 
to 80 ppm, discomfort is quite severe. 

Human odour threshold is 15-30 ppm. 
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The following summary data was obtained from "Dangerous Properties of 
Industrial Materials", by N. I, Sax, Fifth Edition, 1979, published by Van Nostrand 
Rheinhold. The codes are as follows: 

Low - causes readily reversible tissue changes which disappear after 
exposure stops. Causes some discomfort. 

Mod. - may cause reversible or irreversible changes to exposed tissue, not 
permanent injury or death. Can cause considerable discomfort. 

High - capable of causing death or permanent injury due to the exposures of 
normal use; incapacitating and poisonous. Requires special handling. 

METHYLENE CHLORIDE 

Mod. via oral, intraperitoneal, subcutaneous and inhalation routes. An 
experimental carcinogen. Dangerous to eyes. Few acute toxicity effects other 
than the inducement of narcosis. 

Acute toxicity data: 



Oral LD^Q (rat) 
intraperitoneal LD^„ (mouse) 
subcutaneous LD^q (mouse) 
inhal LC, ^ (guinea pig) 
inhal TC. q (humans) 



2136 mg/kg 

1500 mg/kg 

6^^^ mg/kg 

5000 ppm for 2 hours 

500 ppm for 8 hours (blood problems); 

prolonged exposure at this level causes 

CNS problems 



CHLOROFORM 



Mod. via oral and inhalation routes. An experimental carcinogen and promoter 
of neoplasms. 
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Acute toxicity data: 

oral LD^Q (rat) 800 mg/kg 

inhal LC, ^ (rat) 8,000 ppm for i* hours 

inhal LC, ^ (mouse) 28 ppm 

BROMODICHLOROMETHANE 

Unknown. Probably narcotic in high concentration. 

BROMOFQRM 

High via suDcutaneous route. Is narcotic and causes lachrymation. Can cause 
Jiver damage and is a metabolic poison. 

Acute toxicity data: 

subcutaneous LD^^ (mouse) 1,820 mg/kg 

CARBON TETRACHLORIDE 

Mod. via oral, intradermal and inhalation routes. High via human oral and 
inhalation routes. Less narcotic than chloroform. 

Acute toxicity data: 

oral LD^Q (rat) 1770 mg/kg 

intraperitoneal LD.q (rat) 1500 mg/kg 

inhal LC^q (rat) 9526 ppm for 8 hours 

oral LD, Q (humans) 60 mg/kg 

inhal TC, ^ (humans) 20 ppm (CNS problems) 

1.1,1-TRlCHLOROETHANE 

Mod. via intraperitoneal and oral routes. Narcotic in high concentration. 
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Acute toxicity data: 



intraperitoneal LDcf^ (mice) 
oral LD^Q (dog) 
oral LD^Q (rabbit) 
inhai LC. „ (man) 



liJOO mg/kg 

750 mg/kg 

5660 mg/kg 

27,000 mg/m for 10 min. 920 ppm for 



70 min. causes CNS effects in humans. 



DICHLOROPROPANE 



Mod. via oral, inhalation and dermal routes. Can cause dermatitis and is 
regarded as one of the more toxic chlorinated hydrocarbons. 

Acute toxicity data: 



oral LD^Q (rat) 
inhal LC, p. (rat) 
dermal LD^q (rabbit) 



1,900 mg/kg 

2,000 ppm for 'f hours 

8,750 mg/kg 



BENZENE 

Poisonous, often characterized by narcosis resulting from action on CNS. 
Recognized leukemogen. Has a cumulative action: sporadic exposure to relatively 
high concentrations is not serious from the point of view of causing damage to the 
blood-forming system; prolonged exposure to concentrations of 100 ppm or less 
may cause damage. 

TOLUENE 

Mod. via oral, inhalation and intraperitoneal route. Low via denna! route. 
Acute toluene poisoning is characterized by narcosis. Recovery following removal 
from exposure is normal. 

Acute toxicity data: 



inhal TC, -. (human) 
inhal TC. ^ (man) 
oral LD„ (rat) 



200 ppm (CNS effects) 

100 ppm (psychotropic effects) 

5,000 mg/kg 
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inhal LCj^^ (rat) 't.OOO ppm for i* hours 

intraperitoneal LD^q (rat) i,(>W mg/kg 

inhal LCjQ (mice) 5,300 ppm 

dermal LD^g (rabbit) l'+,000 mg/kg 

TRIMETHYLBENZENE 

1,2,3: Vlod. via oral route. 

Acute toxicity data: 

LDj_^ (rat) 5,000 mg/kg 

1,2,4: Mod. via oral and intraperitoneal routes. Mod. - low via dermal route. 
Can cause CNS depression, anemia and bronchitis. 

Acute toxicity data: 

oral LD^^ (rat) 5,000 mg/kg 

intraperitoneal LD^^^ (rat) 2,000 mg/kg 

1,3,5: Mod. via intraperitoneal and inhalation routes. Causes CNS 
disturbances, animal experiments show narcotic effects and blood disturbances. 

Acute toxicity data; 

inhal LCj^,^ (rat) 2,^*00 ppm for 2U hours 

intraperitoneal LDj_^ (rat) 1,500 mg/kg 

inhal '^C^^^ (human) 10 ppm (CNS effects) 

CUMENE 

iviod. via oral and inhalation routes. Potent narcotic and CNS depressant. 
Possibly has greater acute toxicity than toluene or benzene. 
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Acute toxicity data: 

oraj LD^Q (rat) 1,^0 mg/kg 

inhal LC^q (rat) 8,000 pprn for k hours 

DIETHYLBENZENE 

Low to mod. via oral route. 

Oral LDj_Q (rat) 5,000 mg/kg 

ACETONE 

Mod. via oral, intraperitoneal and inhalation routes. Very low via dermal 
route. Narcotic in high concentrations. 

Acute toxicity data: 

oral LD^Q (rat) 9,750 mg/kg 

dermal LD^q (rabbit) 20,000 mg/kg 

intraperitoneal LD^q (mouse) 1,297 mg/kg 

inhal TC. „ (human) 500 ppm (eye symptoms) 

The text suggests that the toxicity of chlorinated hydrocarbons increases in 
the following order: 

Methylene chloride 
Trichloroethylene 
Carbon tetrachloride 
Dichloropropane 
Dichloroethane 
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Appendix 3 

The Effects of Aqueous 

Chlorination 
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Appendix 3 

The possible formation of chlorinated compounds during disinfection of 
drinking water has been the subject of much debate. Chemically the aqueous 
chiorination of aromatics appears unlikely but has, in fact, been demonstrated on 
several occasions. There is a considerable amount of evidence to indicate that the 
trihalomethanes (chloroform, bromodichloromethane, chlorodibromomethane and 
bromoform) are produced on chiorination and the precursors are believed to be 
natural products, such as humic acids. This report contains additional data to 
support this theory: for example, the routine monitoring data (Tables 71, 72, 73) 
demonstrate that the concentration of trihalomethanes is invariably higher than in 
the raw water. The data also suggests that carbon tetrachloride is not produced by 
this mechanism since it is usually found on both raw and treated water. Similarly, 
methylene chloride appears to be the result of industrial activity, because it is a 
very common solvent, and may reach the receiving water by aerial transport. 

Several studies have been performed in OTC to examine the aqueous 
chiorination of aromatics. Initially the work considered the chiorination of 
uiphenyl since the likely products (PCB's) are known to be a significant health 
hazard. The results ("Aqueous Chiorination of Biphenyl - significance for chiori- 
nation in Sewage Treatment Plants", by R. Bonner, O. Meresz, T. Sakuma and B. 
Shushan, March 1978) indicated that chiorination does occur, with surprising speed, 
but that the conditions prevailing in Sewage Treatment Plants (STP's) is likely to 
reduce the reaction rate, and hence the impact, enormously because of competing 
reactions for the available chlorine. A variety of other aromatics, including 
toluene, xylene and styrene, have been examined. All were found to chlorinate but 
in no case were haloforms detected as products. 

In summary, then, aqueous chiorination is well established as giving rise to 
trihalomethanes but the levels are generally very low. 
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